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SECTION 1

INTRODUCTION

I~.1 GENERAL

This volume contains the procedures used and data measured as part of a base-
band expansion study sponsored by the IRIG Telemetry Working Group (TWG),
funded by White Sands Missile Range (WSMR) and the Electronic Systems Division
of the USAF, and undertaken by E',ctro-Mechanical Research, Inc. of Sarasota,
Florida, on 17 June 1964 under contract DA-29-040-AMC-746(R). In essence,
the program consisted of an evaluation of equipment, a study to determine a feasi-
ble baseband expansion, and a program of experimentation to evaluate expansion
and provide recommendations for systems application.

Telemetry equipment representative of that typical L- field use was gathered' and
evaluated to determine if there were any characteristics which would prohibit its
use in an FMFM bameband expanded in frequency to 200 kc. Those parameters
which were thought to contribute to total system error were also evaluated. Pa-
rameters such as receiver IF-envelope delay variation, transmitter dynamic lin-
earity, tape-recorder harmonic distortion, etc. , were measured. Where possible
similar units from different manufacturers were obtained.

In order to determine the feasibility of the recommended expansions of the FM/-
FM basebands, a complete laboratory telemeter was constructed and several base-
bands were evaluted using specific system tests. The system tests included ex-
perimental optimization of the transmitter pre-emphasis, intermodulation,
signal-to-noise and system error tests. Determination of the effect of post de-
tection recording, system accuracy, and applicability for pulse modulation were
considered as % ill.

1.2 FORMAT DESCRIPTION

The format of this report includes two volumes. Volume I contains the summar-
izations of the data obtained and interpretations and conclusions based upon this
data. This volume, Volume II, as an appendix to Volume I, contains the detailed
procecures used and the actual data measured. Both volumes are subdivided into
similar sections. A description of the program objectives, the overall approach,
and the design of the recomm,-nded basebands are contained in Section I of Volume
I. Section 2 in both volumes discuss the equipment evaluation. The individual
systems tests are included in Section 3 of each volume. Volume I alone contains
a fourth section where the program conclusions and recommendations appear.

Throughout this report, figures and tables have been sequentially numbered within
each section with the volume namber, in Roman numerals, as well as the section
number appearing each time.

-I-
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1. 3 BASEBAND DESIGN AND DESCRIPTION

1. 3. 1 Proportional-Bandwidth Basebands

The design of the expanded proportional-bandwidth baseband is a direct expansion
of the present IRIG configuration. The center frequencies of the high frequency
channels are approximately 1. 3 times the previous upper channel. Thus, channels
are located at 93 kc, 124 kc, 165 kc. 220 kc, etc. Like the present IRIG channels,
it is desirable to operate all channels at *7. 5% deviation or by deleting alternate
channels when operation at *15% deviation is desirable.

Although the spacing of the new proportional-bandwidth channels was straightfor-
ward, the number of additional channels that can be added under the constraint of
the 500 kc receiver IF bandwidth and the transmitter-radiated-spectram limitation
needed to be determined. Using a technique proposed by H. 0. Jeske(1 ), the higher
subcarrier channels can be compared to the present 70-kc channel:

"From a study of the sideband structure of a frequency modulated
signal it is found that for a given deviation the envelope formed by
the sidebands have steeper akirts tur the lower modulating
frequencies. Since this is the case, only the highest modulation
frequency is important unless a pre-emphasis taper is used
opposite to the normally used tapers. Also from the theory of
FM sideband structur-e, when multiple modulating frequencies are
employed, additional modulation components are produced over
the components produced by the superposition of the simple com-
ponents due to the individual modulation frequencies. These
additional frequencies are the sums and difference of the
simple sidebands removed from the carrier. Fortunately,
their amplitudes are equal to the producta of the Bessel
function amplitudes producing the original simple sidebands
and are therefore relatively small It therefore appears to be safe
to assume that for a normal pre-emphasis taper or even no taper
the bandwidth occupied by an FM/FM telemetry system is
dependent on the modulation level of the highest frequency sub-
carrier only. "

A sideband study of the higher frequency channels was made using the radiated
spectrum limit: The 40 db bandwidth of the modulated carrier, referenced to
the unmodulated carrier, shall rit exceed *320 kc. Carrier components
appearing outside a * 500 kc bandwidth shall not exceed -25 dbm.

(1) Jeske, H. 0., Extension of Proportional Bandwidth FM Subcarrier Channels,

Unpublished paper,
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The sideband calculation for *7.5% and *15% subcarrier deviations are shown
in Tables I-1. 3-1 and 1l-1. 3-2 respectively.

Note that a 0. 01% allowance is made for drift and the -25 dbm specification is
converted to -75 db relative to a 100-watt unmodulated carrier. Since IRIG
document 106-60 limits transmitter power to 100 watts, this is a worst case
condition.F
The procedure used for the calculation of Tables 11-1. 3-1 and I-1. 3-2 is to
first determine the sideband which lies just outside the bandwidth limit. Next,
using a table of Bessel functions, choose the maximum modulation index (MI)
that does not cause the sideband outside the particular bandwidth to exceed the
radiated spectrum level. From the modulation index, the maximum transmitter
deviation allotted to that particular channel can be determined. This procedure
is repeated at center frequency and at the bandedges to determine the limiting
case. The limiting case then determines the maximum allowable transmitter
deviation for that channel.

Table 11-1. 3-3 shows a comparison of the signal-to-noise performance of the
high-frequency channels relative to the 70-kc channel, based upon the maximum
allowable transmitter deviation derived in Tables 11-1. 3-1 and 11-1. 3-2.

[To define further the number of channels to be added to the proportional-band-
width baseband, the minimum transmitter deviation allotted to each subcarrier
was determined. This minimum is based on the criteria that the receiver should
threshold at a carrier-to-noise ratio higher than that for the subcarriers to
threshold, i. e., the receiver should threshold first. For this condition to be
maintained, the subcarrier-to-noise ratio must exceed the receiver IF carrier-
to-noise. The minimum transmitter deviation allotted to each subcarrier is thus
the deviation sufficient to cause the subcarrier-to-noise ratio to equal the IF
carrier-to-noise ratio. Figure I-I. 3-4 shows the minimum deviation as a
function of the subcarrier center frequency. The straight line which defines the
minimum 0eviation is the classical 3/2-power curve and is based upon the fol-
lowing calculation:

Assumptions: Triangular noise in passband.

Subcarrier -to -noise ratio equal to

IF carrier-to-noise ratio

IF bandwidth = 500 kc

BPIF bandwidth = 150 of center
frequency

Carrier -to-noise above threshold.

-3-
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B i I12 dc[ BI ) s
(S =) (SIN) c 2c

where,
(SIN) = subcarrier-to-noise ratio

(S/N) = IF carrier-to-noise ratio

B = IF bandwidthC

B = Subcarrier filter bandwidth

f dc Peak carrier deviation allotted to particular subcarrier
channel

f = Subcarrier center frequencyS

But, (S/N) = (S/N) , therefore
ac 1/2

2B

As an example, consider the 40 kc *151% channel:

f = 2(2, 00) 1/2f dc = 40, 000 [ 2 ( 1 2 ° ° ],000)

dc 0,001 L 500,000 J
fdc = 8.76 kc

In addition to the minimum deviation line in Figure 11-1. 3-4, the maximum
carrier deviation from the sideband study shown in Table l-1. 3-Z is also plot-
ted. The area of permissible operation, i.e., peak transmitter deviation al-
lotted to each subcarrier, is thus the region bounded by the two curves in
Figure U-1. 3-4. The maximum subcarrier center frequency is also found to
be 135 kc. The initial expanded proportional-bandwidth baseband considered
thus contained channels at 93 kc and 124 kc; however, during the system test it
was found that the 165 kc channel could be added while still maintaining the sub-
carrier threshold above the receiver threshold. This is discussed in more
detail in Volume I. Table 11-1. 3-5 shows the channel allocations for the base-
bands evaluated using the laboratory telemeter.

1. 3. 2 Constant-Bandwidth Baseband

A similar calculation of maximum and minimum transmitter deviation allotted
to each subcarrier channel as described for the proportional-bandwidth base-
band was also made for the constant-bandwidth baseband. The sideband study
calculations are shown in Table Il-1. 3-6 for binary channels spaced 8 kc apart
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and with *2 kc. Calculations are also shown for each channel with *4 kc devia-
tion; however, only alternate ch:.nnels can be used with ±4 kc deviation.

The minimum transmitter deviation to maintain the subcarrier -to-noise equal
to the IF carrier-to-noise ratio was calculated for ±2 kc deviation in an identi-
cal manner as for the proportional-bandwidth baseband and is shown in Figure
11-1. 3-7. The maximum deviation based on the sideband study shown in Table
lI-1. 3-6 is also plotted in Figure 11-1. 3-7. The area of permissible operation
is then again the region bounded by the two curves. The maximum center fre-
quency is approximately 180 kc. Thus, the constant-bandwidth-baseband con-
figuration which most nearly meets the objectives of the baseband expansion
outlined in Volume I and which was chosen for evaluation is the 21-channel sys-
tem ( Figure 1-1. 5-2) with the highest frequency channel at 176 kc. The channel
allocations and implementation for this baseband are shown in Table 11-1. 3-8.

1.3.3 Combinational-Bandwidth Baseband

To meet the objectrve of a baseband providing both constant- and proportional-
bandwidth channels, the combinational-bandwidth baseband was designed and
evaluated. This baseband consists of taking the 21-channel constant-bandwidth
baseband and filling the space between dc and the first constant-bandwidth chan-
nel at 16 kc with IRIG proportional -bandwidth channels.

With the ±2 kc constant-bandwidth channels spaced 8 kc apart, the guard-band
limit associated wit" each channel is 2 kc or ±4 kc from band center. For the
16 kc channel, this buard band extends to 12 kc. The center of the guard band
between IRIG channel 12 (10.5 kc ±7. 5%) and channel 13 (14. 5 kc ±7. 5%) is

12. 3 kc which is above the 12 kc guard band edge for the first constant-bandwidth-
baseband channel.

Thus, the highest IRIG channel used in the combinational-bandwidth baseband is
channel 11 (7. 35 kc ±7. 5%). The combinational-bandwidth baseband thus consists
of IRIG channels I through 11, Table 11-1. 3-5, and constant-bandwidth channels
I through 21, Table 11-1. 3-8.
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1. 4 DEFINITION OF SYMBOLS AND TERMS

The dbbreviations and symbols below are used throughouL the text.

BPIF Band-pass input filter of subcarrier discriminator

CBW Constant bandwidth

Crosstalk Interference in a given channel which has its origin in
another channel, e. g., adjacent channels in a frequency
division multiplex system.

db Voltage or power levels referenced to unity in decibels

dbm Power level in db referenced to I rilliwatt or voltage
level in db referenced to the voltage into 600 ohms which
dissipates I milliwatt

DR Deviation ratio; in a frequency modulation system, the
ratio of the maximum frequency deviation to the maximum
modulating frequency of the system.

FBW Full bandwidth

f 3-db cutoff frequency
c

f Maximum modulation frequency for a particular deviation
m ratio

IF Intermediate freqeuncy amplifier of receiver

Intermodu- The modulation of the components of a complex wave by
lation each other, producing waves having frequencies equal to

the sums and differences of integral multiples of the com-
ponent frequencies of the complex wave.

LPOF Low-pass output filter of subcarrier discriminator

MI Modulation index; for a sinusoidal modulating wave, the ratio
of the frequency de-.iation to the frequency of the modulating
wave.

PBW Proportional bandwidth

rms Transmitter deviation sensitivity (kc peak/voltage peak)
transmitter times rms voltage input.
deviation

-6-



3(S/N) cCarrier -to -noise ratio

(S /N) d Signal-to-noise ratio

3(S/N) Subcarrier -to -noise ratio
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Maximum Deviation Limit
for Radiated Spectrum

-40 db outside *320 kc
-25 dbm outside *500 kc
P = 100 watts

C

100
U

0

> 40

k

t 4 t

'0

4 Minimum Deviation, Limit
4for (SIN) = (SIN)

IF = 500kc
BPIF = *15%
(S/N) above threshold

C
1 p

10 40 100 400

Subcarrier Center Frequency (kc)

FIGURE 11-1. 3-4
FM/FM CARRIER DEVIATION LILMIT FOR WIDEBAND

PROPORTIONAL BANDWIDTH CHANNELS
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CHANNEL ALLOCATIONS YUR

I PROPORTIONAL BANDWIDTH BASEBANDS

I ____- _

Expanded

II ProportionalIRIG Bandwidth
Baseand Expanded Baneband

with Proportional with

Center IRIG Wideband Bandwidth wit d

Frequency Bascband Channel Baseband Channel

0.40 1 ± 7.5% + 7. 5% 1 *7. 5, _ _ _ 7.__ _ ,

0.56 2 ± 7. 5% 2 -7. 5% 7. 5% 2 ±7. 5,%

0.73 3 ±7.5 ,o 3 *7.5% 3 *7.5% 3 ±7.5%

0.96 4 ± 7.5% 4 ±7. 5% 4 7. 574 4 7. 5n

1.30 5 ± 7.5% 5 *7.5% 5 ±7.5% 5 ±7.5%

1.70 6 ± 7.5% 6 *7. 5% 6 ±7. 5% 6 ±7.5%

2.30 7 ± 7. 5% 7 ±7. 5% 7 +7.50 7 ±7.5%

3.00 8 ± 7.5% 8 *7. 5% 8 ±7. 5% 8 ±7. 5%

3.90 9 ±7.5% 9 ±7.5% 9 ±7.5% 9 ±7.5%

5.40 10 ± 7.5" 10 *7.5% 10 ±7.5% 10 ±7.5%

7.35 11 ±7.5% 11 *7.5% it *7.5% 11 7.5,%

10.5 12 7.5,'f 12 ± 7.5% 12 +7.5% 12 ±7.5%

14.5 13 ±7.5% 13 *7.50 13 ±7.5% 13 *7.576

22.0 14 7 14 7. 9% 14 ± 7. r% i4 ±7. 5%

30.0 15 ±7.5% 15 ±7.5% 15 ±7.5% 15 ±7.5%

40.0 16 ± 7.5% 16 ±7.5% 16 7.5% 16 ±7.5%

52.5 17 ±7.5% - 17 ±7.5% 17 ±7.5%

70.0 18 ± 7.5% E *15% 18 ±7.5% 18 ±7.5%

93.0 19 +7.5% 19 ±7.5%

124.0 20 ± 7.5%-

165.0 21 *"7.5% If ±15%

L-13-
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Maximum Deviation Limit
100 . for Radiated Spectrum

-40 db outside *320 kc
-Z5 dbm outside *500 kc

40. 
PC = 100 watts

U

0

0 10
U

A

1 4.0

Minimum Deviation Limit,
for (SIN) (S/N)

IF = 500 kc

BPIF = *Z kc
1. 0 ' (SIN) above threshold

* .. . . . . . . 1

I , -* j JI I i ! ";I

10 40 100 400
Subcarrier Center Frequency (kc)

FIGURE II-i. 3-7
FM/FM CARRIER DEVIATION LIMIT FOR

*2 KC CONSTANT BANDWIDTH CHANNELS



TABLE i-1. 3-8

CHANNEL ALLOCATIONS FOR
CONSTANT BANDWIDTH BASEBAND

VCO Translation Channel
Channel Frequency Frequency Frequency
Number Group (kc) (kc) (kc)

1 16 16

2 24 24

3 32 32
A None

4 40 40

5 48 48

6 56 56

7 56 64

8 48 72

9 B 40 120 80

10 32 88

11 24 96

12 56 104

.13 48 112

14 C 40 160 120

15 32 128

16 24 136

17 56 144

18 48 152

19 D 40 200 160

20 32 168

21 24 176

-20-
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SECTION 2

EQUIPMENT EVALUATION

2. 1 GENERAL

This section contains block diagrams, procedures, and measured data for the
equipment-evaluation portion of the baseband-expansion study. The equipment
evaluation was undertaken to measure characteristics of the equipments used
which would affect the accuracy of the telemeter or the ability to add additional
higher-frequency channels to the baseband.

-21-



2. 2 VOLTAGE-CONTROLLED OSCILLATORS

Of the 36 standard [RIG *7. 5%6 VCOs and two 93. S kc *15% VCO* received as GFE
for the study contract, five units were selected for evhluation:

Manufacturer Model Frequency Serial No.

Tele-Dynamics 1270A 3.0 kc *7.5% 21-404

Tele-Dynamics 1270A 70.0 kc *7.5% 27-565

Vector TS-41 3.0 kc *7.5% 3742-25

Vector TS-41 70. 0 kc *7.5% 5683-25

Vector TS-41HF 93. 5 kc *15% 8485-5

An EMR 307A, 32 kc *2 kc VCO was also subjected to the same evaluation trsts
of static and dynamic linearity, modulation feedthrough, total harmonic die'or-
tion, and crosstalk.

Block diagrams and measured data for these tests are contained in Tables II-
2. 2-I through 2. 2-4.

-22-
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TABLE U-2. 2-2

VCO MOOLITOA PEECD TMQOUG/

7D/ IZ70AS27 Al)

70. 0ke * 7 P

70. Ok6 7- S9S4"Oo

(MR 3074 200OO(ll/1)

COmNP~fYt &, 7mle k'CO ONia ~~, / c~i~/~
VCO UdP' VZC
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TABLE UI-2. 2-3

WCO TOTAL //ARMON/VC D/STaRT/IAM

rD -12 70 A .10 ic 757o 24 lf2;7 4 o

ileclr 7-5-41 7tjO k 7s7 .1,X%24f' ~297

Ke4- r57-#f//Pr 90kc/ 460 0.31%* 0-1r

L-c-AfR 3074. 32.0k-r*2.Oik 0-077,o 0. 0Cr
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TABLE 11-2. 2-4

VCO CROSS7-ALXA

Am~io OO4Icfd

J 0

wi~ ~kw ~~All ,eep 44 cross 1@k ySue 74 Ator

KCOS v4 cj.des/ /p ey



I
S2. 3 MIXER AMPLIFIER

The Sonex TEX-3210 Mixer Amplifier was evaluated for frequency response,
harmon'c content, and intermodulation characteristics. The respecLive result.
and block diagrams for the tests are included in Tables 11-2. 3-1 through 11-2. 3

Ir
7

r

I
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f
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TABLE 11-2. 3-1

Al/XE'.4? AMPL/.4P

4erge/

.2674. 0 7 ' 4.74
4,p AWA 7~z .CM~

S9o.,o kc

,y~r. 03.k
O-3.

.zAvC
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j TABLE UI-2.3-2

MIXER2 4AML/E6

057e~y CA' reh,14. A~ Afthrni'Sa/J

/k 4  -95-~5 73.0

2Ac-53.0 05. -72.0
OkA4 -53.0 -5'8.0 -72.0

-.72.o

4 LIf* 0 d04., 74,, S r ?m
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TABLE 11-2. 3-3

INMRA0 Po01AI 7EST7

* ~ 6oexTEX-2j

A43 Ac. Z'c.u /6,5s &6o/6

/34I reoi I8/ra//
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1 2.4 GROUP TRANSLATOR

[2. 4. 1 General

The EMR Model 316 Frequency Translator is used in constant-bandwidth FM/FM
telemetry systems to generate stable high-frequency subcarrier channels by transIlating up in frequency the outputs of standard EMR subcarrier oscillators (VCOs)
operating in the lower subcarrier frequency spectrum. The block diagram of a
constant-bandwidth VHF FM/FM telemeter is shown in Section 1.5 of Volume I.

The outputs of the subcarrier oscillators for CBW channels 1 through 6, 16. 0 kc
through 56.0 kc, are linearily mixed in the Model 316A-01 for Group "A." The[outputs of five subcarrier oscillators, whose center frequencies and frequency
deviations are identical to those of the VCOs for CBW channels 2 (24. 0 kc) throug]
6 (56.0 kc), are mixed in the Model 316X-01 Frequency Translator for Group "B.
The outputs are frequency translated as a group to the multiplexed subcarrier
channel frequencies for CBW channels 7 through 11, 64.0 kc through 96.0 kc.
Multiplexed channels 12 (104. 0 kc) through 16 (136. 0 kc) are similarly obtained
by the Model 316X-02 for Group "C, " and chanihels 17 (144.0 kc) through 21
(176. 0 kc) by the Model 316X-02 for Group "D." The subcarrier channels in
Group "A" are mixed but not translated in frequency. The Group A, B, C, and
D outputs are linearily mixed in a Model 311A Mixing Amplifier and the multi-
plex output signal, consisting of constant-bandwidth FM subcarrier channels I
through 21, is applied as the modulating signal to the VHF FM transmitter.

I rhe entire telemeter may contain only six different types of subcarrier oscillator.
The frequency deviation of all VCOs is within the limits of *3. 57% to *12. 5% of
center frequency, which makes it possible to generate accurate and stable sub-
carrier FM signals. A number of proportional-bandwidth channels may be add-
ed in the lower frequency spectrum of Group "All below 16. 0 kc if additional chan-[nels are required, as is shown in Section 1. 5 of Volume I.

2. 4. 2 Specifications

A detailed evaluation program for the group translator was not undertaken as part

of the baseband expansion study. The unit was, however, evaluated by other EMR[personnel and its performance to the following specifications verified:

Subcarrier Frequencies: Standard constant-bandwidth FM subcarrier channels
spaced 8. 0 kc apart from 16 kc to 176 kc. Other constant-bandwidth FM systems
are available with multiplexed subcarrier channel center frequencies in the range
of the 4 kc to 750 kc.

Subcarrier Frequency Deviation: *2 kc, *4 kc, and *8 kc are standard. Other
constant-bandwidth FM systems are available with subcarrier frequency deviation
in the range of ±1 kc to *16 kc.
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Subcarrier Deviation Polarity: Deviation polarity of subcarrier channels in
Group "A" is maintained; deviation polarity of channels in other groups is in-
verted. Normally overall positive polarity from VCO input to subcarrier dis-
criminator output is maintained due to reinversion of the inverted channel. in
ground frequency detranslation equipment such as the EM.R Model 259.

Input Signal: Model 316A (Group "A"): Outputs of EMR Models 306A, 307A, or
309 A VCOs for channels I through 6. Outputs of VCOs for channel A and/or
proportional-bandwidth channels may be added if additional channels are required.

Model 316X (Groups "B," "C " "D". .. ): Outputs of EMR Models 306A, 307A,
or 309A VCOs for channels 2 through 6. For standard constant-bandwidth sys-
tems a 46. 4k ohm mixing resistor, contained in the VCOs, is used. The EMR
VCOs for use in standard constant-bandwidth systems have a floating output
ground connection to reduce inter-group crosstalk to a negligible level.

Output Signal: Adjustable to 5 volts peak-to-peak maximum open circuit (mea-
sured at output test point), referenced to ground. A series mixing resistor of 10k
ohms minimum is installed at manufacture to provide the desired system em-
phasis.

Heterodyne Signal: A crystal-controlled reference signal is generated within
all Model 316A Frequency Translators except the Model 316A for Group "A."
A test point is provided for monitoring this signal.

Frequency Range: 50 kc to 800 kc

Frequency Accuracy: ±0. 005% at 250C

Frequency Stability: k0. 0025% from the frequency at 25°C
over the range -20 0 C to +85°C

Subcarrier Gain: Overall subcarrier gain is measured from the input of the
VCO mixing resistor (VCO test point) to the open circuit frequency translator
output (Model 316A output test point). The subcarrier gain of a frequency at
the center of the output passband of the Model 316A is adjusted in manufacture
to 0. 1 (-20 db). The subcarrier gain for frequencies in the passband from

low band edge to the lowest frequency output channels to high band edge of the
highest frequency output channel is within ±1 db of the gain measured at the
center of the output passband.

Subcarrier Emphasis: Relative subcarrier levels are adjusted by "output"
controls of the VCOs. Group level is adjusted by "output" control of Model
316A Frequency Translator. Multiplex level (modulation signal to the VHF FM
transmitter) is adjusted by "output" control of the Model 311A Mixing Amplifier.
The output mixing resistor of each Model 316A is adjustedin manufacture for
approximate mid-setting of the "output" control of the Model 316A for the desired
emphasis. Recommended emphasis schedules and list of nominal system levels
for standard constant-bandwidth FM/FM systems are available on request.
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3 Spurious Output Signals: Individual spurious output signals are -46 db or less

referenced to the nominal individual subcarrier output level. This specification

includes the following undesired output signals:

Undesired sideband

3 Input multiplex feedthrough

Hetrodyne signal (fundamental, harmonics, and sidebands about harmonics)

g Input signal harmonics generated in the 316A

Input signal intermodulation products

Power supply ripple components

I Based. on 5 subcarriers per translation group, nominal levels are:

iMeasured Level

At Test Point of SCO At Output Test Point of 3i5A

Subcarrier Level 1. 5 rms 0. 15 rms

Multiplex Level 2.2 p-p

Power Supply Sensitivity: Operation is as specified with a steady-state supply, voltage or a 4-volt pcak-to-peak dynamic change in supply voltage (dc to 100 kc)
anywhere in the range of +24 to 432 volts.

Power Requirements: Positive 28. 0 volts dc nominal referenced to ground;
±4. 0 volts; 30 ma at nominal voltage.

Operating Temperature: Operation is as specified with steady-state temperature
in the range of -20C to +85 0 C.

Vibration.: Sinusoidal vibration along each of the three major axes of the referenc
oscillator at 0. 06 inch double amplitude or a peak acceleration of 35g, whichever
is less, up to a frequency of 2000 cycles per second, results in an offset change

in output frequency of less than 0. 005% and incidental FM, measured with a ±7. 53

discriminator at a deviation ratio of 1, of less than 0. 1% rms of bandwidth.

Shock: Shock of up to 200g, 11 millisecond duration, causes an offset change
in output frequency of less than 0. 005% and peak incidental FM, measured with
a ±7. 5% discriminator at a deviation ratio of 1, of less than 0. 1% of bandwidth.

Continuous Acceleration: Continuous acceleration of up to 3 0 0g produces a chang

in output frequency of less than 0. 005%.
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Altitude: A chang-- in altitude from sea level to 200, 000 feet produces a change in
output frequency of less than 0. 005% provided the surface on which the unit is
mounted is maintained at constant temperature.

Humidity: Operation is as specified over the humidity range of 0% to 95% relative.

Z. 5 TRANSMITTER

2. 5. 1 General

A Leach FM 200 Transmitter and an EMR 121D Transmitter weru selected for
evaluation as representative telemett'y transmitters. The Leach FM 200 is a
transistorized unit, while the EMR 121D is a vacuum tube design. Total harmonic
distortion and deviation sensitivity were measured on each transmitter for
deviations up to ±200 kc and modulation frequencies as high as 225 kc.

The EMR Model 270 Subcar'ier Discriminator was calibrated for deviation
sensitivity (±20. 0±0. 2%); 1inearity, *0. 1% BSL; and total harmonic distortion
e!ata on the particular audio oscillator used was measured; the data is included
as Table 11-2. 5-2.

2. 5. 2 Total Harmonic Distortion

Equipment outlined in Figure 11-2. 5-3 was used to measure transmitter total
harmonic distortion. Each transmitter was evaluated by using frequency trans-
lation and the EMR 270 Subcarrier Discriminator as a precision receiver. De-
tailed procedure for the total harmonic distortion tests is as follows:

1. With eq'.ppment set up as in Figure 11-2. 5-3, set the audio oscillator to
the d%,-.ired funda-mcntal frequency. Fundamental frequencies of 3. 0 kc,
30 kc, 7C kc, and 225 kc were used.

2. Adjust the audio oscillator amplitude to yield the desired transmitter
deviation as indicated by the discriminator output voltage measured
or. the HP 310A Wave Analyzer. Record the transmitter input voltage
level required.

3. Tune the wave analyzer to harmonics of the fundamental and record
their levels.

4. Compute the total harmonic distortion as follows:

o F2 + w32+ + an 2
%THD n"x 100
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where,r = hnrms value of fundamental voltage
= rms level of nth harmonic voltage

Harmonic distortion data obtained for the EMR 121D and the Leach FM 200 are
given in Tables 11-2. i-4 through 11-2. 5-8 and Tables 11-2. 5-9 through 11-2. 5-13,
respectively. This data is presented graphically in Figures 1-2. 5-1 and 1-2.5-2

j of Volume I.

2. 5. 3 Deviation Sensitivity

By measuring ti.e transmitter input signalr level as part of the total harmonic
distortion test, data on deviation sensitivity is obtained without a separate test.
Data measured on transmitter inkut level as a function of deviation and modulation
frequency is presented in the same Tables 11-2. 5-8 through 11-2. 5-13. Graphical

- presentation of the data is included in Volume 1, Figures 1-2. 5-3 through 1-2. 5-6.

-
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2. 6 RECEIVER

2.6. 1 General

A Vitro/Nems -Clark 1455A Telemetry Receiver and a Defense Electronics, Inc.
TMR-ZA Telemetry Receiver, both tunable from 215 Mc to 260 Mc, were evaluated
as part of the equipment evaluation program. Intermediate frequency (IF) ampli-
fier amplitude and time-delay characteristics, and output noise density were
evaluated on each receiver. Total harmonic distortion was measured for the Nems-
Clarke 1455A in combination with the EMR 121D Transmitter.

2. 6. 2 IF Amplifier Characteristics

2. 6. 2. 1 Amplitude Response

The Nems -Clarke receiver was equipped with 5-Mc IF amplifier, IFM-500-1;
the defense Electronics receiver was equipped with a 10 Mc-IF amplifier, IFA-
D2. The amplitude response of the Nems-Clarke IF amplifier was tested using
equipment as shown in Figure 11-2. 6-1 and the following procedure:

1. With the oscillator at 5. 00 Mc select an input signal level such that
the amplifier is not saturating, i. e. , such that a change in input
amplitude provides the same relative output change.

2. Tune the oscillator across the bandwidth of the amplifier. Record the
input signal level required at a given frequency to maintain a constant
output level equal to that at 5. 0 Mc, bandcenter. Record the output
level used.

3. The increase in signal level required relative to band center is the
IF amplitude response as a function cf frequency.

Results for the Nems-Clarke 1455A Receiver are given in Figure U-2. 6-2 and
are presented graphically in Volume I, Figure 1-2.6-I.

Measurements oi Defense Electronics, Inc. TMR-2A Receiver IF amplitude
response characteristic were complicated by the lack of a precision voltmeter
operable at and above 10 Mc. The technique employed uses the equipment as
shown in Figure 1-2. 6-3 and the following procedure:

I. With the equipment connected as shown, disable the receiver automatic
gain control (AGC) feature by grounding 3-105, pin A.

2. Tune the oscillator to center frequency, 10 Mc, insert 65 db attenuation
and establish a reference voltage level on the oscilloscope.
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3. Tune the oscillator across the passband of the amplifier in convenient
steps recording the frequen :y and attenuation settings required to
maintain the reference level on the oscilloacope. (The response of the
particular oscillator used varies smoothly from +1.0 db at 9.50 Mc to
-1.0 db at 10. 5 Mc, relative to 0.0 db at 10.0 Mc.)

Amplitude response data on the TMR-2A Receiver is presented in Figure 11-2. 6-4
and appears graphically in Figure 1-2. 6-2 of Volume I.

2. 6. 2. 2 Intelligence-Delay Variation

Each receiver' s IF amplifier was measured for intelligence time-delay variation
across its passband relative to that at band center. The equipment used is out-
lined in Figure 11-2. 6-5. In general terms, the procedure involves using a 10-kc
tone to generate i.arrow-deviation frequency modulation which, using the receiver' s
internal local oscillators, is positioned in frequency across the IF passband. The
FM signal at the IF output is then translated and detected by a precision discrimin-
ator. Phase shift of the 10-kc intelligence tone as the FM signal is positioned at
different frequencies across the IF passband can be easily converted to time aelay
variation relative to band center. The procedure in detail is as follows:

1. With the transmitter input grounded, adjust the receiver local oscillators
to produce an IF amplifier bandcenter signal.

2. Adjust the HP 650 oscillator to produce a much larger signal than
that of the IF output at a frequency such that a 1. 00 Mc band center
signal is supplied to the EMR 270 Subcarrier Discriminator.

3. Apply 10 kc to the transmitter at a level such that the 1. 00 Mc
*5% EMR 270 Discriminator produces 573 mv peak or 1. 15 volts
peak-to-peak output.

4. Adjust the amplitude and phase through the phase shifter so that a
null is obtained at the input to the oscilloscope between the discrimina-
tor output and the phase shifter output with the IF signal at center fre-
quency.

5. Ground the phase shifter output and verify that the full-scale voltage
being nulled is 573 my peak-to-peak at the HP 130B oscilloscope input.

6. Measure the approximate time delay between the transmitter input
and the discriminator output with the Tektronix 545A Oscilloscope.

7. Reestablish and record the null condition for the IF signal at band-
center.

8. Tune the receiver local oscillator to shift the IF signal to a new fre-
quency position in the passband.
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9. Tune the HP 650A to return the discriminator input to 1. 00 Mc,
band center.

10. Do not adjust the phase or amplitude settings in the lower or upper
paths.

11. Read the peak-to-peak voltage from the HP 130B. Each 10-mv peak-
to-peak increase in the null voltage as the IF signal is positioned at
various places in frequency across the IF passband corresponds to a 1°

phase shift at 10 kc, or 0. 278 usec of time delay variation relative to
the IF bandcenter condition.

The results obtained for the time-delay variation for each of the two receivers
tested are combined with the amplitude response test results as given in Volume
I, Figure 1-2. 6-1 for the Nerns-Clarke 1455A and Figure 1-2. 6-2 for tne Defense
Electronics, !nc. TMR-2A.

2. 6. 3 Output Noise Density

Receiver output noise density was measured on the Nems-Clarke 1455A and
Defense Electronics TMR-ZA for various carrier-to-noise ratios. The equip-
ment employed is shown in Figure 11-2. 6-8. Procedures used in making the
measurements were slightly different with each receiver due to variations be-
tween units. A general procedure wich individual variations noted is as fol-
lows:

1. Establish a fixed AGC level in the receiver; -4. 0 volts dc was used for the
1455A, 1. 5 volts for the TMR-2A.

2. Measure noise. For 1455A 5-Mc IF amplifier, use J. Fluke 910A True
RMS Voltmeter to measure total IF noise. For TMR-2A 10-Mc IF ampli-
fier, use Sierra 158A High Frequency Wave Analyzer to measure the noise
level in a 4. 5 kc bandwidth (determined by separate test of 158A) and con-
vert to total IF noise by the square root of the ratio of the IF bandwidth
to 4. 5 kc, the analyzer bandwidth.

3. Measure the IF amplifier output signal level with the Sierra 153A using
an unmodulated carrier. Set the carrier level for the desired signal-
to-noise ratio. The Sierra 158A has beer. calibrated to read the same
as the J. Fluke 910A with a 0. 6 volt, 5-Mc signal applied to both.

4. Measure the receiver output noise with the HP 310A frequency-selective
voltmeter and divide the resulting voltage readings by the square root
of the bandwidth used to normalize the data. Express this quotient in
decibels.

Results obtained are presented in Figure II-Z. 6-9 for the 1455A and Figure
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11-2.6-10 for the TMR-2A. Volume 1, Figures 1-2.6-3 and 1-2.6-4 presentthe measured results in graphical form.

2. 6. 4 Total Harmonic Distortion

Total harmonic distortion characteristics of the two FM detectors of the Nems-
Clarke 1455A receiver were measured in combination with the EMR. IZID Trans-
mitter which had been evaluated independently as previously described. The
procedure of summation of individual harmonic components, as measured on a
frequency-selective voltmeter, was used. The equipment employed is given
in Figure 11-2.6-11, the block diagram of the test.

The procedure used is as follows:

1. Adjust the oscillator to the desired modulating frequency. Modulation
frequencies of 3 kc, 30 kc, 70 kc, 100 kc, and 225 kc were used.

2. Set the transmitter input level for the desired deviation in accordance
with the previously measured transmitter sensitivity. Deviations from
±25 kc to *200 kc in *25 kc intervals were used.

3. Adjust the receiver gain to produce 1. 0 volt rms fundamental output
as measured on the HP 310A frequency-selective voltmeter.

4. Measure the harmonics individually and compute the total harmonic
distortion.

Harmonic distortion data obtained from the Nems -Clarke 1455A in combination
with the EMR 121D is given in Figure U-2.6-12 Lbrough U-2.6-21.

2. 6. 5 Intermodulation

Difference-frequency intermodulation products were measured using the block
diagram of Figure 11-2.6-22. Data obtained is contained in Tables 11-2.6-23
and 11-2. 6-24. The receiver output was maintained at 1. 0 volt rms.

-
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TABLE 11-2.6-2

IF A MA/IUD E RESPcwsj

NewS- Clarke /V0SSA (rzei4) I .Msa-,(*Iss
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TABLE 11-2. 6-6
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TABLE 1.1-2. 6-7
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TABLE 11-2. 6-23
DIFFERENCE FREQUENCY INTERMODULATION DATA,

LEACH FM 200 AND NEMS-CLARKE 1455A

orepiehuy Ao 1 '/ Oei~io "m ocy Level ,l
,e r..., kc k c ...

70.o /, 200 70.0 7 7tr
52.5" 1 " 0 1 27, K2 ,55 /

70.0 bl2 /80 70.0 775"
______0 I . 3.6 17___ _50__4og__

7.0 .111 /60 70.0 79o
507.60 _.0_ __ 17.5 .77 0. 98 "lo
70.0 .ae, /W 70.0 78$"

70.0 1.08 ),20 70.0 79
Y.8. boo. 8) 9'o 17.60 ?/V' .

70.0 a0 0 70.0 20!r
7!r,.o b. o. Tbs, 7.o Y /09 A
70.0 o.7 16 70.0 790

70.o 0..54~ 70.0 790

70.0 0.4 '/o 170.0 7 94"
SR. 60 .a7 30 17- /60- 0.7051o
740. ./ ;2 o 70,0 79"

6, . I- 17. 6 " "2. o. 3
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TABLE 11-2.6-24
DIFFERENCE FREQUENCY INTERMODULATION DATA,

LEACH FM 200 AND NEMS -CLARKE 1455A

7.-rmawhz Ara TrnpM4-eceier R e~erp

kc Ad ON k , ..

A/ 0. a2 q 720
L9 b i /6"o 31 9. /.y O/o

1 1.8 /go 730
93 .s ____ 3/ A / 0 0/0

)29 q.4 /40 1 21 .730

1 02q 1.4/ /Yo 2 v 7 51

93 .O /__ __ 31 -/ 1 ___0_

2 q ).2 )a0 v2 Ll 74/6
i 0. o 9.o / 134 g.9

93 07 7 1_1-5 7,V
129 0.30 $?a 740

0.40 31 /07. 1.4%
)aq 0.40 6 4

0. .q 31 /0 A3~2 1.11
/.d? Al7 o y 60

93 0.30 30 3/ 4S 0 o /.
1.29t 0.20 ;20 al079/ 770
93_ _ o.,I so 31 3.0 0.9
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2. 7 GROUP DETRANSLATOR

2. 7. 1 General

The EMR Model 259 Group Frequency Detranslator accepts a multiplex of FM
subcarriers in the range between 5 kc and 1100 kc, and using a reference signal
appearing at the input along with the data subcarriers, detranslates the multi-
plex into groups of multiplexed subcarriers suitable for direct application to
subcarrier discriminators.

The Model 259 uses the reference signal in the input multiplex to synthesize the
frequencies required to detranslate the respective subcarrier groups. Each
group which is to be detranslated is selected from the input multiplex by a group
band-pass filter. The separated group of subcarriers and its corresponding re-
ference frequency are applied to a balanced modulator which drives an output
amplifier which is, in turn, suitable for driving a bank of discriminators. The
output signal represents the selected group of subcarriers translated down in
frequency to the spectrum occupied by the lowest frequency group.

The Model 259 contains a delay line to equalize the envelope delay of the input
multiplex and the envelope delay of the reference frequency so that tape-speed
errors will be essentially the same in the translated channels as in the untrans-
lated ones. Vernier adjustment of this equalization is provided for each detrans-
lated group. The outputs of all groups are time correlated so that tape-speed
compensation may be used without external delay lines. Since the deviation
bandwidths of all data discriminators are equal, the data outputs are also time
correlated.

Normally, one bank of discriminators is used for each group. For applications
where only one bank of discriminators is used on a time-sharing basis, as was
the case in the baseband evaluation, a switch on the front panel of the Model 259
makes posoible the connection of the discriminator bank to any group output. A
calibrate-operate switch is also provided. With this switch in the calibration
position, all discriminator banks are connected to the output of the lowest-fre-
quency group selector, thus enabling calibration of all discriminators with the
calibration signals available from an EMR Model 260 Modular Three-Point
Calibrator.

Section 1. 5 of Volume I contains the constant-bandwidth system used in the base-
band evaluation.

2. 7. 2 Specifications

A detailed evaluation of the EMR 289 Modular Group Frequency Detranslator used
in the constant.-bandwidth syntem was not imdertaken as part of the study contract.
Operation within specification was, however, certified by other EMR personnel.
A summary of specifications is included below.
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Subcarrier Frequencies: A multiplex of FM subcarrier Z;quencies in the
range from 5 kc to 1100 kc is converted into groups of subcarriers suitable
for direct application to subcarrier discriminators.

Data Time Correlation: Data channil time errors contributed by the Model 259
Group Frequency Detranslator are less than *10 from the BSL delay for standard
EMR systems at a deviation ratio of 2 or greater.

Multiplex Input Voltage: 10 volts peak-to-peak maximum. Normal level of
each individual subcarrier is 100 mv rms.

Multiplex Input Impedance: 10, 000 ohms

Reference Input: 10 millivolts to 1 volt rms from a compatible EMR reference
discriminator with constant-bandwidth reference channel selector (for example,
Model 210A with 210T-03, Model 267R-03, or Model 270A with 270T-03). The
normal reference input to the Model 259 is 100 millivolts rms. The level of the
reference in the multiplex &hould be 6 db above the level of the subcarrier with
with highest amplitude.

Group Outputs: (Specification applies to each output.)

Voltage: 10 volts peak-to-peak maximum (open circuit)

Current: 30 ma maximum

Impedance: 91 ohms

Stability: If the output current does niot exceed 30 ma,
no instability will result from any capacitive
load. An output overload or short circuit
will not damage the unit. 1:1

Gain: Adjusted at the factory to 6 db * I db to each subcarrier.

Intermodulation Distortion: Each intermodulation distortion product, a. normal
input level, is less than 0. 50 of the amplitude of any subcarrier.

Subca.-rier Feedthrough: For flat subcarrier amphasis, lower-group subcarriers
in the detranslated group outputs are suppressed at least 46 db.

Image Rejection: Fo.: flat subcarrier emphasis, images of undesired g:roupa
which appear in the desired group are suppressed at least 46 db.
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2.8 SUBCARRIER DISCRIMINATOR

No separate equipment evaluation was performed on the EMR 210 Subcarrier
Disc iminators. Before use in the baseband evaluation, each unit was returned
to the EMR manufacturing test department and rete3ted to certify operation
within specification. A summary of performance characteristics pertinent to
the baseband evaluation is presented in Volume I, Section 2. 8.

* 2.9 TAPE RECORDER

1 2. 9. 1 Amplitude Response

Amplitude response data on the Mincom G-107 and Ampex FR 1400 Tape
Recorders were obtained using the following procedure:

a. Clean and degauss the heads using the Magneraser hand
degausser on the G-107 heads and the Ampex Model Ill
bulk degausser on the removable Ampex heads.

3 b. Degauss the tape with the bulk degausser.

c. Apply 1. 0 volt rms to the input and adjust the input level
control until the monitor meter indicates 0. 0 db. This
provides normal record level to the recorder heads. The
Ampex FR 1400 input level attenuator has been preset
and locked (by the manufacturer's representative) so that
a 1. 0 volt rms input provides normal record level.

d. With the recorder operating, adjust the output attenuator
for 0.0 db on the 1. 0 volt rms range of the voltmeter
(use high damping ) with a 1. 0 volt rms, 1000 cps, input[applied.

e. Sweep the oscillator as required to obtain the frequency
response characteristic, taking care to assure a 1. 0 volt
rms input signal at each measured frequency.

[ f. Repeat for each track of the recorder.

The measured data is contained in Tables 11-2. 9-1 and 1-2. 9-2 and is presented
graphically in Figzures 1-2. 9-1 and 1-2. 9-2 of Volume I. Because of recall of
the tape recorders by the manufacturers, a second Ampex FR 1400 tape record-
er was borrowed in-house for use with the constant-bandwidth evaluation. This
machine contained 500-kc elertronics, modified by Ampex to extend to 600 kc,
and was capable of operation only at 120 ips. Only its frequency response was
measured (Table U-2. 9-14).

!
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2. 9. 2 Phase Response

Tape recorder phase response was measured using equipment as shown in the
block diagram, Figure 1-2. 9-3. The procedure used is as follows:

a. Degauss tape, heads, and transport mechanisms.

b. Set the oscillator frequency so that the last flip-flop in
the string generates a square wave in the neighborhood
of recorder low-frequency cutoff.

c. Use the lower frequency square wave as f, and the next
higher as f 2 (f2 will be second harmonic of fl).

d. Set Khron-F-ite low-frequency cutoff to 20 cps, and high-
frequency cutoff to the fundamental frequency of its input
square wave.

e. Observe summation of two sinusoids at "A" on one trace
of a dual-trace oscilloscope.

f. Place delay line in fI path and, with recorder operating
in record/reproduce mode, ooscrve recorder output on
second trace of oscilloscope.

g. Operate the oscilloscope on alternate trace mode and
trigger the oscilloscope internally so that the trace
starts at the same input voltage level on each sweep.

h. Adjust the delay through the delay line so that the wave-
forms at A and B are identical. Display both traces
superimposed on oscilloscope, to assure best possible
alignment of waveshape, and photograph.

i. Move flip-flop outputs up one flip-flop each and repeat,
producing harmonic combinations across as much of
recorder bandwidth as practical.

The high-frequency cutoff of the Khron-Hite filters is 200 kc. Also, the mini-
mum step adjustment of the delay line is I usec. Therefore, no data was taken
at frequencies higher than 200 kc. Measured data is presented in Table H1-2. 9-4.
A typical photograph is shown in Figure 11-2. 9-5. Volume I, Figure I-2. 9-3
presents the data graphically.

2. 9. 3 Noise Density

Output noise density as a function of frequency position in the band was measured
on each of the two tape recorders as shown at the bottom of Table U-2. 9-6. The
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following procedure was used:

a. Degauss heads, tape, and transport mechanism.

b. Apply a 1.0 volt rms 1000 cps sine wave to the recorder
input. For the G-107, adjust the input for 0. 0 db on the
input meter yielding normal record level. The FR 1400
is preadjusted and locked so that 1.0 volt rms input is
normal record level.

c. Operate the recorder in record/reproduce mode at 60 ips.

d. With the Hewlett-Packard 310A set for 200 cps bandwidth,
measure the recorder output noise as a function of fre-
quency, being careful to avoid 1000 cps and its harmonics.

e. As a check, disconnect the analyzer input and measure its
residua! noise level in 200 cps bandwidth position.

The data is contained in Tables 11-2. 9-6 and 1I-2. 9-7 and presented graphically
in Figure 1-2. 9-4.

2.9.4 Intermodulation

Intermodulation tests were made using the technique outlined in the block dia-
gram of Figure 11-2. 9-8. Both sum and difference intermodulation products
were measured; the measure data is tabulated in Table 11-2. 9-9 and presented
graphically in Figure 1-2. .5 of Volume I.

2. 9. 5 Total Harmonic Distortion

Using equipment as described in Table 11-2. 9-10, total harionic distortion was
measured on the two tape recorders using the following procedure:

a. Degauss tape, heads, and transport mechanism.

b. Apply an input signal of 1.0 volt rms and 1000 cps and
adjust input and output attenuators as necessary to
operate recorder at normal record level.

c. Operate the tape recorder at 60 ips in record/reproduce
mode.

d. Maintaining 1. 0 volt rms input and output level, adjust the
oscillator frequency across the band of the recorder.
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e. At each input frequency, measure the harmonic content
of the recorder output with the frequency-selective
voltmeter operating with a 200 cps bandwidth.

f. Combine the rms voltage measure of each harmonic in
rms fashion to obtain the total harmonic distortion.

The measured data is given in Tables 11-2. 9-10 and 11-2. 9-11 and presented
graphically in Figure 1-2. 9-6 of Volume I.

2. 9.6 Crosstalk

Using equipment as described at the bottom of Table 11-2. 9-12, crosstalk
between channels was measured on the two tape recorders using the following
procedure:

a. Repeat instructions a. through d. of section 2. 9. 5, above,
establishing normal record conditions.

b. At each input frequency, measure the output of the channel
containing the input frequency and the two higher-numbered
and two lower-numbered channels. (This measures the
channels on adjacent tape tracks and those on adjacent
head positions.)

The measured data is given in Tables 11-2. 9-12 and 11-2. 9-13.
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TABLE 11-2.9-1
FREQUENCY RESPONSE TEST

AMPEX FR 1400 TRACK NO. 2, ELECTRONICS NO. 1 AND NO. 2

I Electronics 1 Electronics 1 Electronics 2 Electronics 2

Track 2 Track 2 Track 2 Track 2

Freq. Relative Freq. Relative Freq. Relative Freq. Relative
Output Output Output Output

cps db cps db cps db cps db

252 -6.0 8o4.. +1.0 2,^ -6.0 /n& v0.2
310 -3.0 /601f * /.4- 275 -3.0 20& #o.2

-3.z 9 -. 6 -Too -2.0 1-L.o *-.4-

350 -30 Zvohc. -o-1.6 .332 -/,6, 7cl. o-.o
mo,', Mi/O

429 -3.7 30o1. o-1.2 2zf -2. 1004. #-/2
g 500 -1.9 400 1-c 0.8 479 -1.0 /37-k 0./.8 " *

700 -0.9 45"0kc *0.6 SS'6 O. $f 2ooi,, +. 6
a V. 0 s.00 o f,0. 670 -6.9 '' -34a,, o-.Z
54c l0.' S5or -o.3 789 -&.2" ' ,-0004- #0.9

3.e'kc 100./ 60044C -0.4 .01C. 0.0. £"00h4 -t0. 2

7 ,.ok 0 6 7o4 -2.0 2.o eo.6 6eo1 -e4

/o~,. o0 7/5k,. -3.0 3.04. +o.6 7/4 -,

0 ok . -v.z 6ooc -6.0 4.oi ,oo.4- 808/o -6.0
40.........._ A ,4

[ . 10.,.Wo ,Tape

h~p A'err/e U

F, AgV 40 a; v,a'7/,

/8LOCk £D/AA6RM T6PE RaEe "E
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TABLE 11-2. 9-2
FREQUENCY RESPONSE TEST, MINCOM G-1 07

Channel One Channel Three Channel Four Channel Two

Input Output Input Output Input Output Input Output
Freq Level Freq Level Freq Level Freq Level

9 2 cp -4OSdl S 7 cps 6.ODd 90,.pi i.oOJ 9t0cps h.0SJ!
I 10CFS 4.as /Scps -3OD/A /43cps -3-0AcI/, cr -3.0cj

IIcps -*3.OJ 300 cp - I.dJ 20Op -. 0 300~ -1. 3 jLI
3 ?8cps -1-MJ. 5O0cps -).2Jt 27Oq: -1-0dA I5357C.Ps -/.09 SL
50D cps -0gcJ 8 SO 0CP -J.0d. (Oe-P3 -. 8 dt, % 0-0--I 0. 2 dL
600Cps 0.8 ell 85OCPSO-.Scjb SO0C.ps .'0.dl 1.0 HC 0.0 ci
SO0ecrs -0.SM ?00cps -O.bdb 900cps )*-JA J,2i )fc #0.9db/
900oC.P. -0.S5A 1.0 RC .0d6 1.0 Rc O.OJL 02 0 iZ 01 2 di
.0 Re O-d /. 2 IeC +0. 8dA 1.4q Irc Al.1W DY.kc+1. 3J ,:

A..2 A- c *o.qd6 /.33kC.0 A 6.0 )rc 4.3 db S £YAt+). 2d
2. o &c *)of,)78),c +5.O cI, /o0.&/.12I dl 0 ic +U l)

;23kLe o. od .0 AC +.0d8A 20 K-C +O*7Jb A40 HC *o./J&
50 rc -o.Vdi, 8. xc +0O.9d1J AIY At irO.)A la D~ /r .dIb
/10 (C -0. 6 1,2 JrC 40.%2J1 60 kC .Oj ca 0 /1 --- 0,
100 he-- 1.0 , ;2 k c+ 0.,0/ch4 /00 &~ C0./idi 120OXc -6.3 db

o.od to 9 1)cA -O.42 c1h 650 kC./a, Alc0 di
35)0ORe-/.O0di 20 ifc. d.0 dL 2 00 k -1.0 Jd, /(tog2I.--.d/,
313kc -,2Oh20 X 0. 4 A 2 701c -3,0 db ;1A/.Yz o 020d

3a kc3.0 2.-0 c +*.2*L!, 30KC Pdt2J 2712 hs,-3.0di
Y9O0c-&O.dl 3oo hfc-0.2dL 3 1OA&C- 6,0d

324 KC -34S

__ _350 Az -6. db __ _ _ _ _ _ _ _ _ _ _
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TABLE 11-2. 9-4

T,9pg REOERo ff'rTIM ocz 41

/bkh tgkc 2.&0 Z

4k4 .Zia1 20 .28 Z42

j4'ci 270 3J 0j

2cs740 114. 12 7 0

"c 32kc 0 0 0

3Zkc / /k

Rikc 4k 8

kc Zke /06 .30 44

JZ~ Ave 530 ff4
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TABLE 11-2. 9-6

k4' E' 7'Esr. mwe ,4N4M 07

4o 4.oo d0.Oi 4 9

/7-4o

oook'& /So 146 "s5

1700 42 -aw97.0
7*eok~ /50 99.9
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-88-



TABLE 11-2. 9-7

NVcsc rsr -AbIPfK AR14o4
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.7. cps C0 A7Dau
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$S'dt~ v.80

0. 04451

[.?oA 0.21.A

102#-A 0.6Z ao0p

[ -89-



vii
*0*

L I

-90-



TABLE 11-2. 9-9

/NM(.Q400ULAT/aV T-"ZSF

DAA

/,f -f 11 --,6 /.-/

.6 . 72"v 4-0 mqv 2 kc k 4~~

Skv /.wv Z.40&, 3 kc 4kc
/4,pv 2.0 a jw k fk~ 43mv

/.,~ 2.0... A;, 4k~ #$. , -.0

&f / he. 2.Ornv ZO mv 10 Ac /6 It. f.4-m wA i 7 o) w

3/ 3.6 ic 3,#' im Ij f-V 2ok) mOL o'h (p.7,

31(. t I ' v0k .Onv P.8 I

lo4 2o/k - O.7o/b/ 2 0O&C 2im 00,, Q

3ootc 71kf- X. (m 10 W 30k &c Ok'6 3Ov' i/

2,, 6OM jo~ses 0* W 00kc 11O~ -. 0-v1m

Anl, 5/0 VA
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TABLE 11-2. 9-10

4AIPE.X 9Ri4 00

-iol 0.75
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3 TABLE 11-2. 9-11

TO TA4 H./ARMONI/C D1S TORT/CMV

I~A M/A'coi~ G107

F kQVlaonic Level

[go V 7,,

7 /0*' /0.

Ii 4.osqv 18.~n

250ic 8.Omsf 5 Mv
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TABLE 11-2. 9-12

CROSS TA L k - 4AIP6X~ Fre/bAr
Foco-wao 5$p0WW,- 6o,,of

Corf $t (.1 7 C9

(Poo 2. 9. h o

70 jo
,ikc / .
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ITABLE: 11-2. 9-13

CgO557"AK. AvIuIcoM C/o
Atcoraer pee4- 6ov;.v

7*0s

SAC 41 1..0o 3

2o6

S-kg OZ ?O &S
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Et
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TABLE 11-2. 9-14

CRE'-QUA/cy' ofts~omre Tes 7

330 -/.
740'p 0

Zkc. 0

140

2 80.0 kC

~50.Okc -. 0

71 A okz

C~dda, 0~n / 04 ~ 'v
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I SECTION 3

SYSTEM EVALUATION DATA

The detailed procedure for the system test performed on each of the baseban
as well as the measured data are contained in the following sections. For rt
erence, the block diagrams for each experimental telemeter are shown in Fi
uresl-3.0-1, 11-3.0-2, and 11-3.0-3.
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I
3. 1 PRE-EMPHASIS SCHEDULE PROCEDURE AND RAW DATA

3. 1. 1 General

r A pre-emphasis schedule for a particular system is considered optimized when
identical signal-to-noise ratios occur in each subcarrier discriminator output.
Since the receiver output noise characteristics are dependent upon the receiver
input carrier-to-noise ratio, a pre-emphasis schedule can only be optimized at
one particular receiver carrier-to-noise ratio. Thus, a choice must be made
as t. carrier-to-noise ratio to be used. For the particular system being eval-
uated a carrier-to-noise ratio of 9 db, approximately the condition necessary
to cause the receiver to threshold, was chosen for optimizing the pre-emphasis
schedule.

Normally the subcarrier discriminator output signal-to-noise ratio is measured;
however, the subcarrier-to-noise ratio in the band-pass input filter is directly
related to the output signal-to-noise ratio. Therefore, for convenience, the pre-
emphasis is optimized to produce identical subcarrier-to-noise ratios at the out-
put of the band-pass input filter.

In essence, the procedure is to set a receiver IF carrier-to-noise ratio of 9 db
and adjust the individual VCO amplitude levels for equal subcarrier-to-noise ra-
tios in the discriminator while maintaining a multiplex level which does not cause
the transmitter output to exceed the radiated spectrum specification. There are
several problems inherent to this technique.

The first problem is that of providing a receiver, IF carrier-to-nois e ratio of
9 db. W-Ah the receiver used in the system evaluation, the IF carrier-to-noise
ratio is measured at the predetection recording output, which is the IF output
just prior to the first-limiter input. If the IF amplifier is a linear system, its
input and output carrier-to-noise ratios are identical; however, care must be
taken to prevent IF saturation. Through experiment it was found that the maxi-
mum unmodulated IF output level which does not cause saturation is 110 mv rms.
In addition, the IF saturation characteristic was found to vary somewhat with the
AGC voltage. The greatest linear range occurred when the AGC voltage was ex-
ternally held constant at a -4 volt level. Thus, with the AGG held at -4 volts,
the unmodulated IF signal level is measured with a frequency selective voltmeter;
this techr.ique eliminates wideband noise and provides an accurate signal level
measurement. The input carrier is then turned off and the IF noise measured
with a true rms meter.

The second problem is that of adjusting the VCO levels to produce equal subcar-
rier-t--noise ratios while maintaining a fixed multiplex level so that radiated
spectram specification is not exceeded. This is a trial-and-error method con-
sisting of choosing a trial pre-emphasis schedule, checking to determine if the
radiated spectrum is exceeded, and then readjusting the pre-emphasis. There
are several shcrt-Luts to this orocedure which are given in the following detailed
procedure.
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3. 1. 2 Detailed Procedure

a. Choose a trial taper and, using the radiated-spectrum test described
in the next section, determine the maximum total rms transmitter deviation al-
l, wable.

b. Select the deviation for the highest frequency channel from the graph
in Figure 11-3. 1-1.

c. Starting with the highest frequency channel, set the VCO output levels
to the selected taper. A minimum deviation of 3 kc should not be exceeded; there-
fore, the lower channels may need to be adjusted to equal amplitudes.

d. Adjust the gain of the mixer amplifier to provide a full multiplex rms
level to produce the selected rms transmitter deviation.

e. With the transmitter unmodulated, externally set the AGC voltage to
-4v dc and adjust the rf signal level for an IF carrier-to-noise ratio of 9 db.

f. Set the video gain of the receiver to produce 2. 0 volts rms full multi-
plex output.

g. With the VCOs at center frequency (unmodulated), measure the sub-
carrier signal-to-noise ratio at the output of the band-pass input filter by mea-
suring the subcarrier signal level and then turning the particular VCO off and
measuring the noise. Repeat for each channel.

h. Readjust the VCO levels to produce equal subcarrier signal-to-noise
ratios while maintaining the multiplex level previously selected.

i. Recheck the radiated-spectrum level and readjust the total multiplex
level if necessary. It has been found that once the taper has been adjusted for
equal subcarrier-to-noise ratios, small variations in the total multiplex level
do not alter the relative relationships of the individual subcarrier-to-noise ra-
tios.

3. 1. 3 FM/FM Proportional Multiplex RMS Carrier Frequency Deviation

Refer to the graph in Figure U-3. 1-1.

Problem:

The problem is to find relationship between RMS carrier devia-
tion (total) and deviation allocated to top subcarrier, in terms of
common ratio between adjacent subcarrier center frequencies,
and in terms of constant pre-emphasis slope.
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I Definitions and Conditions:

I. Y (> 1. 0) is common ratio between adjacent subcarrier center
frequencies (Y zlI. 3 for IRIG).

I 2 fdh is the peak carrier deviation allocated to the highest-fre-
quency subcarrier.

3. fsk is the center frequency of subcarrier channel k, where
k = 1, 2...h.

4. fdk is the peak carrier deviation allocated to channel k.

5. a is the slope of the log-deviation versus log-frequency pre-[emphasis function. It is taken as a constant.

6. A large number of subcarriers is assumed.

[The peak carrier deviation allocated to subcarrier k is

I fdk Cfsk (1)

rwhere C is a constant. For the highest subcarrier, k = h, hence

fd Cf adh s (2)
fdh

C fa
sh

from (1) and (2):

a

fdk = fdh fsh (3)

fsh/

Because of the common ratio between adjacent subcarrier frequencies:

f sk - s

(h-k)

(4)
fsk I

fsh (h-k)
y
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from (3) and (4) then:

E, a
fdk fdh (h-k)) (5

The mean-square carrier deviation due to channel k is:

-- = -- ( -k)(6)f 2 ]2

- dk [,,. (h-k)]

the total mean-square carrier deviation is

h

F 2  1 f 2
d L.s 2 dk

k =

1 2 h [ ]2a
= " fdh X(-

k= I

1 2 h _ _

" fdh [ 2a (h ' k)J

2 h-k
2 dh kt [ 2aJ

2 l 2 +
Fd fdh ++ 2a (7)

For very large values of h, this is approximately

F2 f 2rFd f " dh 1-

(8)

2 1 2 y 2a

2 dh 2a I
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r The total rms carrier deviation is

d dhy 2 zF d fdh Z [v . jJ (9)

S3.1.4 Results

3. 1. 4. 1 IRIG Baseband

For the.IRIG baseband, channels 1 through 18, pre-emphasis was optimized us-
, ing a multiplex level at the transmitter input of 1. Ov rms. The measured data

is included in Table 11-3. 1-2 and presented graphically in Figure 1-3.2-I.

3.1.4.2 IRIG Baseband--Wideband Channel

The IRIG baseband, channels I through 16 and E, was optimized using a multi-
plex level at the transmitter input of 1. Ov rms. The measured data is included
in Table 11-3. 1-3 and presented graphically in Figure 1-3.2-3.

3. 1. 4.3 Trial Expanded Proportional-Bandwidth Baseband

The pre-emphasis schedule for the expanded baseband, channels I through 20,
was optimized using a multiplex level at the transmitter input of 1. Ov rms. The
measured data is included in Table 11-3. 1-4 and presented graphically in Figure
1-3.2-4.

3. 1.4. 4 Expanded Proportional-Bandwidth Baseband

The pre-emphasis schedule for the expanded baseband, channels I through 21,
was optimized using a multiplex level at the transmitter input of 750 mv rms.
The measured data is included in Table 11-3. 1-5 and presented graphically in
Figure 1-3.2-5.

3. 1.4. 5 Expanded Proportional-Bandw~idth Baseband--Wideband Channel

The expanded baseband, channels I through 19 and H, pre-emphasis schedule
was optimized using a multiplex level at the transmitter input of 630 mv rms.
The measured data is included in Table 1-3. 1-6 and preLented graphically in
F'gure 1-3.2-6.
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3. 1. 4. 6 Constant-Bandwidth Baseband

The p-e-emphasis schedule for the constant-bandwidth baseband, channels I
through ZI, was optimized using a multiplex level at the transmitter input of
360 my rms. The measured data is included in Table U.-3. 1-7 and presented
graphically in Figure 1-3. 2-8. With channels 17 through 21, Group D, removed
and the same taper, the multiplex level at the transmitter was increased to 615
mv rms. The data measured for one channel in each group is included in Table
11-3.1-8.

3. 1. 4. 7 Combinational-Bandwidth Baseband

The pre-emphasis schedule for the combinational-bandwidth baseband, IRIG
channels I through I I and constant-bandwidth channels I through 21, was opti-
mized using a total multiplex level at the transmitter input of 635 mv rms; 600
mv rms for the constant -bandwidth channels and ZI0 mv rms for the IRIG chan-
nels. The measured data is included in Table 11-3. 1-9 and is plotted in Figure
1-3.2-9.
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TABLE 11-3. 1-2
PREEMPHTASIS DATA FOP IRIG BASEBAND,

CHANNELS 1 THROUGH 18

System Description: TeI(. C / " /f
'S NC: "9g Ac c:- ,,,, Mult, le,, /O:,,,

Channel VCO
Frequency Signal Noise (S/N)s Level

(kc) (dbm) (dbm) (dbm) (dbm)

0. 40±7. 5,, - -

0. 56*7. s% - ,,7 -q 9. o " - ,: 7
1. 73 7. 5% -6 ........ " e,) I

.961.7. 2 2r - x,- /Z. t2, A!", ", 0

2.30±7. 5TIL I 23., - .".O
1.70±7.5% 23.1 .. , . - L,-

10.5 7.5%- iiY ~ j i

.30±7.% 50, ;23-
3. 00±7. 5/r... . -/, Q
3.907. 5 s-. - 9L. I ,

40.00±7. 50/.,
7.0 .07. 5% - ,,9 ....-q.Q L3.., L .1

7. 35±7. 5% -39____ -_.O 0,_. _ -22,__
10. 0 ±7. s j -.1 L3 -I A -

14.5 ± 7. 5 -/,3.oL -37o 024/.D -/a7
165.0 * 7. 5.% s736_0_ 2_Y- -10.Q
30.0 *±7. 5% -__. _- .0 6_20 -7.40. 0 ±7. 55 ,_% 13 , ., , d - .

52.5 ±7. 5% -AY, -1126-Y 1 21.g 9,
70.0 =7. 5%o - ,, -,2,V.. ... -2 , L. -,
9.3. 0 ± 7. 5%

124.0 ±7. 5% /

165.0 ±7. 5%"j

70. 0 ±+1 57

165.0 ±15%

Nare:- gBDate:/-.
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TABLE U-3. 1-3
PREEMPHASIS DATA FOR IRIG BASEBAND,

CHANNEX.S I THROUGH 16 AND E

System Description: 7XTZ&" 6LAi t,/ //1/hdl / ,

(S/N) c: J AGC - Multiplex: I.O..'s

Channel VCO
Frequency Signal Noise (SIN)s Level

(kc) (dbm) (dbm) (dbm) (dbm)

0.40*7.5c% -27. - 2.0 .. d, ! -o- 7. .
0. 56*7. 5% .7/ - .6
0.73*7. -9. -4 (0 -p9, 7
0. 96:7. 5n - .- .. 2 l.. -,.1. 3o0+ . 5ro -24o.,2 6.¢. ;z. - 2L7
1. 7o*7. 5%7 -2..1". 2 oq, o 0. - ;.s

2.30*7.5% -2 V./ - j-. 6 _, ,,,73. 00o17. 5% -5. -q. 3e 19, -23.
3. 90*7. 5%," -22.8 -). J9,41 -2U.7

5. 40*7. 5% -- 20. 0  qZ-7 20.1 - 0. .

7. 35±7. 5%1 - ) 97 9.0.6" .- 18.9
10. 5 *7.5% -!7O -32.. 2.; -/7.0
14.5 --7. 5% -/ a. - ,, -/b,./
22.0o! --'=.5 15 -]a.0 -33.8 21,.-1 .

30.0 *7. 5% -9.3 -30.0 ;ZQ,7 2
40.0 *7.5% -7. A -990 21. - 74
52.5 *7. 5%

70.0 =7. 5%
93.0 *7.5%

124.0 *7.5%
165.0 ±7.5%

70.0 ± 15% 0o 0 -..01, +0. 0

165.0 ±15%

Name: :Dat e:
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TABLE 11-3. 1-4
FREEMPHASIS DAiA FOR EXPANDED PROPORTIONAL

BANDWIDTH BASEBAND, CHANNELS I THROUGH 20

System Description: 2?" ld,../- / zl -I-
(S/N)c: _L AGC: -41,0iudc.. Multiplex: /,oOil,.

Channel VCO
Frequency Signal Noise (S/N)s Level

(kc) (dbm) (dbin) (dbm) (dbm)

0.40'7.5% -27, .L ..
0. 56±7. 5% - A 7 _ .

0.73±7.57o -. g.3 -7-.. 2
0. 96±7. 5 -2 ..2
1. 30 7. 5T, -.26.7 1__
1. 70±7. 505 -27 Y -Ali'L_
2. 30±7. 55, - 3..L - ~ LO).I
3.00±7.5% 07 -

3. 90±7. 51 - 7 .J_? A,6- -

7..40*7. 5%1 -21,L / -34.__j49___
10. 5 7. 50% - - -
14.5 ±7.5% .3o-_U3_.... __.. . .
22.0±7,7. 30L~/2I . 10 1£6. ;2 1 7
30. 0 ±*7.5 %o - 73.___/ -
40.0 ±7. 5 % jg, -07
52.5 ±7. 5% -/0 -i 1A1J,7 -o-
70. 0 =7. 5% Z2 g?---- . / Al

93.0 0 ± . g2 - 1. /.S'. .- .._...

165.0 ±"7. 5% 056

i I
70. 0 ±"15176
165.0 ± 1"556

Name: Dte:

_1 I n



TABLE 11-3. 1-5
PREZMPHASIS DATA FOR EXPANDED PROPORTIONAL

BANDWIDTH BASEBAND, CHANNELS I THROUGH 21

System Description: PeW , / i .2,14 L!
(S/N €: d AGC: -__. .. Multiplex:7 ',,,--

Channel VCO
Frequency -. ,nal Noise (S/N) Level

(kc) (dbm) (dbm) (dbm) (dbm)

0. 4o0+7. 5 o o267.7 - /. " 2 Al, -c2 9. 9
0. 5 6+7-., so -Q,." / - d ,' " 6.3 -- - g. g'

0. 73±7. S -:W 7 --.2. 7 21. 3 - ,6
0. 96±7. 55, -2,, 7 -2 o, - . -.23.8
1. 30±7. 5 -. _ -V__0 a.7 -2,6-:

2. 307.5 , - 2.7
3. 00±7. 5% - -. j11 -.
3. 90±7. 5,o -2 ? -#." , -2 :
5. 4o0± , 5 co -2 7/ -39. : lq2 - f
7.35*7.5% - .. -  - -

10.S 5+±. 55o Al .f_ -_3 7.0 t;?/ -1- 710. 5 *v S*~o -LL,-/.- -LQ. ...... o I2~ -a&.L.
14.5 ±7. 5o . - . L -

22.0 ±7., o -5% ;/. -3.0 (g- -J, 8
30. 0 ±7. 5% a-2 ,,.
40. 0 ±7. 5%7o6~ .L.&...L.~ .
52.5s ± 7.s 5- % ,/ -2." /0 -1IZ77

70. 0 =7. s, - - 21. / .7 - LL.7
93.0 ±.7. -. . -/iL e 2.9 -112

IZ4.0 ± -7. 5 0,7 -,6:. -19.017 -&-.f

70.0 *15%
165.0 *15%

Na me:. /5 Date:

-111-



TA8LE TI-3. 1-6
PREEMPHASIS DATA FOR EXPANDED PROPORTIONAL

BANDWIDTH BASEBAND, CHANNELS 1 THROUGH 19 AND R

System Description: aa ,, ,Ae/r A//AW, / /A9 #
(S/N): d __ACC: 2  Multiplex: j9j~tyg

Channel VCe
Frequency Signal Noiee S Level

(kc) (dbm) (dbm) (dbm) (dbm •,

0. 40±7.5% - -.. 30,
0. 56*7. 57no - 60 ,. 2 39. .
0. 73*7. 5% - - 0 /,l 30Q

0. 96*7. 5 o L , 2,7 0. 4
1.o30±7.5% " :-.L .L ... l - .,
1. 70*7. 5% , I Z. .I".3 L...:.,
2. 30±7. - , -51..... 1 , L ._,a"..
3. 00*7. 5% ,2. 0 / 3 0.to
3. 90*7. 5% 1 /6.8 - ?9 1
5.40*7. 5% -30I.3.... I.,"L." 3D.L
7. 35*7. 5% . " 1 -30.0

14. 5 ±7. 5% - 0 -,;29.7
22. 0 *7. 5% -;7 " - 9.(
30.0 *7.5%-2.? -30.0/8 -Z
40.0 ± 7.5% 5 -lL zp5 2.5 ±-7.551 . " - 2.3. 8. -3- /./:
70.0 =7.5% -/-.0 -13. 0Y -/Z
93.0 _.7. 5% l/i.t -/7 " Z.. -/M. ,!

124.0 *7. 5% __

165.0 *7. 5%
70.0 *15% 15%

165.0 15%o - 174

Name: :, Tate: 1 -/., j
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TABLE 11-3. 1-7
PREEMPASIS DATA FOR Zl-CHANNEL CONSTANT BANDWIDTH BASEBAND

Sytem Decription*: .VV JJa.J/ A4'/-/, e,

(S/N ,:1~ ACC: -*')b'C Multiplex: 53ca J,/P.495

Channel VCO
Frequenicy Signal Noiae (S/N)3  Level

(kc) (dbrni) (dbm) (db) (dbrn)

176.0 _- _____ -1:._
16.0 -2., ,

160.0 _- _, - 2.7 _ _ _ -____. _

104.0 __- ____ - z2.o __,_--- _. _

962.0 -0 -2/ _____ -(.

44.0 -/J< 1..,7

136.0 -/77 3 a o 2 W,
28. n - 2. z ' 7

642.0 -/, -4 -26.
104.0 .- /. -ZZ, ____,_- --__.

96.0o- o-/ ' .2t 2./

48.0 -/43 - 2.5 __ _ -- __.

80.0 _

32.0 t4', 723

64.0 -21, 7 5956. o -1-/z - 2 Zjk -4.'62(.
48.0o -17, 7 - Y$ -. 27.
40.0o -/. -2.3. 3 5 i22

24. 0 -,17 7 "25_,,'4 -,, . .

16.0 -19.3 "2L , -35 t.
7. 35__ _ _ _ _ __ _ _ _ _

5. 4 _ _ _ _ _ _ _ _ _ _

3. 9__ _ _ _ ___ _ _ _ _

3. 0__ _ _ _ __ _ _ _ _

2.3

1.7 _

0. 96 z<___________

0.73 ___

0. 56__ _ _ _ _ _ _ _ _ _

0.40 __ __ __ _ __ __ __ __ _

-113- Name: LA)J6 Date; .- " 2- 5



TABLE 11-3. 1-8
'REZMPHASIS DATA FOR 16-C14A'NEL CONSTANT BANDWIDTH BASEBAND

System Description: &4&wd. / 1 4/1 e4d £tpeAt

(S/N)c __9___ AGC:-1tKjc., Multiplex:_g/#n" ms;/ef;2CO.ivm

Channel VCO
Frequency Signal Noise (S/N)a Level

(kc) (dbm) (dbm) (db) (dbm)

168.0 _____

160.0

152.0 ,_

,4 136.0 -_ _ _ -___.__-___..__

128.0

120.0

112.0

104.0

96.0

" 88.0 -/77 -f72 /_ __

80. 0
72.0

64.0

56.0

48. 0
40.0 -/ __ ,____ /2.p
32.0

24. 0
6. 0

,,3. 9 /
3.0

1.7

-114- Name: &S9Date; P-6



TABLE 11-3. 1-9
PREEMPHASIS DATA FOR COMBINATIONAL BANDWIDTH BASEBAND

System De sc ription: ~~~/~f~/(J /o'4
(S/r;)c: !V AGC:-4(o .,Jc Multiplex: ¢3 'i,*'/

Channel VCO
Frequency Signal Noise (S/1l)s Level

(kc) (dbm) (dbm) (db) (dbrn)
176.0 - ; . -, . -

168.0 J. / 2L 9L -//o

160.0 _-- __ _--, _ Y*9 --. '/
1... . G-/', o - _ 9.3 __- __,

144.0 - .2,k 907 .' . -,/Z,

136.0 -/ 7 -25' '? . - A,
128.0 -_/, 7 -. 7_7 _ _r_,_ -. _,

120.0 V-/g -27o ,0-_
112.0 -/.79 -?.1--- ',
104.0 -/ . -- 7 . -/7,,.f
96.0 -/7. 9 -. ;I, -P, 7_"

I 88.0 "/ -,24,4 P, 7 --/ 2-

80.0 -_ __ -2e., I, . --/ _, _

64.0 7 , _ _ _ _ 9__ _ _

56.0 -,A.- K.. -,2.
48.0 -/ .-2,7J
40.0 -/5,L -2,7,4 -.Ze 0
3Z. 0 -1., - .7. Y, I

24.0 -/Zz o - YL .-. ,,
16.0 - 9i'. __-- __ ___-_.7.35- ./- / , . ."-/-

S. 4 -/,'o -31, o 25 0.
3.9 -/3. L. - -31 2.3 -2.,,

3. o -0 _, ,, - __, _

'.7 _ _- _ _ _._- _ __., .z .

1.3 30 ~ .1 -
0.96 *Y 7el 7 0
0.73 -/.' - o 2 3. z -S 1 __0

0. 56 -/73 - :,,'. o *."5 - oI
0.40 -,.b -1' 0 -2Z. --.'5! . 0

-115- Name: , -. , Date; 3 ,-"



3.2. RADIATED SPECTRUM TEST

3. 2. 1 General

The object of the radiated spectrum test is to determine the maximum trans-
mitter drive that will not exceed the transmitter radiated spectrum specifica-
tion:

The power spectral density, as measured in a 10G0-cps band-
width, outside a bandwidth of *320 kc shall not exceed -50. 5 db
referenced to the unmodulated carrier. Carrier components
outside a ±500 kc bandwidth shall not exceed -25 dbin.

For test purposes, an allowance of 26 kc is made on each side of the spectrum
1-r transmitter drift. Also, the ±500-kc-bandwidth specification was checked
t'. 75 db below the unmodulated carrier which is the -25 dbm level for a 100-
%,att transmitter.

Tihe general technique used in measuring the transmitter radiated power spec-
tral censity is to translate the transmitter output spectrum down to a frequency
ran ,c around I Mc and then use a frequency selective voltmeter with a 1 kc band-
,;i,,in to measure the power spectral density. This translation technique pro-

a quantitative measure on an rms voltmeter o± the power dpectral density.
A -: €oging by eye as required by spectrum analyzers is eliminated. The fre-
qut r c-y selective voltmeter used in this test has a frequency range from 1. 0 kc
to 1, 5 Mc. In order to measure the complete transmitter spectrum within this
range, it is necessary to first place the local oscillator frequency I Mc below
the carrier frequency. Measurements are then made from 1.2 Mc down to sev-
eral hundred kilocycles. The local oscillator is next placed I Mc higher in fre-
quency than the carrier. Having the local oscillator above the carrier inverts
the output spectrum of the transmitter in the translation process. Thus, the
other side of the spectrum car now be measured with the frequency selective
voltmeter This method gives an accurate, convenient, and quantitative mea-
surement of the total transmitter power spectral density.

3.Z'. 2 Detailed Procedure

a. The block diagram for this test is shown in Figure I-3.2-I.

b. Choose an attenuator for the local oscillator so that the local oscil-
lator provides at least ten times as much current to the crystal diode as does
the transmitter output.

c. Tune the local oscillator I Mc below the frequency of the transmitter.

-I16-



d. Wit the transmitter unruodulaced, tune the frequency selcted volt-

meter to the '., nodulated carrier. This should be approximately 1 Mc. Note

the levc l of the inrodulated carrier.

e. Modalate the transmitter with the full multiplex. Tin VCOs should

be unmodu.,ated and at center freqiuericy.

f. With the frequency selective voltmeter set to the 1000-cycle band-

width position, mnisure the radiated power spectral density by sweeping the

frequency selecti', "oltrneter from 1.2 Mc to 100 kc and noting the meter read-
ng5.

g. Tune the iocal oscillator to I Mc above the frequency of the carrier

and repeat the previous readings.

h. The trans"iitter radiated power spectral density curve hiould be

down 50. 5 db from th,. peak of the modulated power spectral density curve.

i. If the radia'.ed spectrum specification is exceeded, reduce the gain

of the mixer amplifier repeat the test.

3.2.3 Results

The radiated spectrum data given in Tables 11-3. 2-2 through 11-3. Speci-

fic data may be found with t -. id of the following chart:

Multiplex Description 'a Shown in Table Data Plotted in Figure

IRIG Channels I 1-3.2-2 1-3.3-3

through 18

IRIG Channels 1 .- 3.2-3 1-3.3-4

through 16 and E

Expanded Channels .- 3. 2-4 1-3.3-5
1 through 21

Expanded Channels 11-3. -5 1-3.3-6
1 through 19 and H

Constant-Bandwidth II-1. 2-i, 1-3.3-7
Channels 1 through 21

Constarit-Bandwidth L1-3. 2-7 1-3.3-8
Channels 1 through 16

Combination Bandwidth 11-3. 2-8 1-3. 3-9
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<~ -i La"\

z 0z

crH

0 C :

0 MO

-I--

-11- F Y



IABLF 11-3.2-2
RADIATED SPECTRUM DATA:
IRIG CHANNELS I THROUGH 18

Baseband Structure: J R I C h..ne/ /
Multiplex Level: ],O V .s Unmodulated XMTR: ,mc

-0 dbm

Local Oscillator :2.4 _mc Local Oscillator Q mc

Measured Normalized Level in Measured Normalized Level in
Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

/00-/0

zoo -40O -,, "LiV S-0 #/AT -0SoYo - 00 .-1 960€ #Ave -/-' -#s-

7Z"O -.30 -2. 7A-0 ,QA0 -.N9.
70.. d, ." '00 7. #.10 0 " & 0(45"o -- '0 -7 7Al,0 (0!0 k.36" -78.0
to0 0 -¥o - q 0 .. 0 o -- 9;,D
_So M -LQI N'00 - 500 -100.0 v*0O 0 0 ' O - 0

-o -- 0 -/1/0 _ si- na' " 0o ]n
O0 p0 -1n,2,0 +(000O -1 ,

36- 0' ob"O - 1. .o &.' -JY Y0 -012"0
.1oo -700 1/.1 l ot) + 700-Q. /

N, am a: D : . at e: -0A

,,- I ,,,



TABLE 11-3.2-3
RADIATED SPECTRUM DATA:

IRIG CHANNELS I THROUGH 16 AND E

Baseband Structure:- A I CimaA t &.led F

Multiplex Level: J, go.. Unmodulated XMTR: mc

~I~aidb m

Local Oscilltor2 1 rnc Local Oscillator 240*7 mc

Measured Normalized Level in Measured Normalized Level in
Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc 1W

(kc) (kc) (dbm) (kc) (kc) (dbm)

L3o 0Qo -W . 64 so

;, - 0 -67 , -

gO0~2 .- 0o #s 2,0 -!( -.S. ,
70 6 -.300 0 -:. ; 7 00 f- Ar a 0 "/ 7j 1

& o-0O - :O6_' +-15D. - 9.
Id0o 0 --/ 0o La.....to0 t-,g a -1. D

Name:41. Dae
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TABLE 11-3.2-4
RADIATED SPECTRUM DATA:

EXPANDED CHANNELS I THROUGH 21

Baseband Structure: Jd _ - $ / 73rn.y 2/
Multiplex Level: 7.M" lJr4t  Unmodulated XMTR: 2.57, 7 .mc

-.- ,. 'Ldbm

Local Oscillator_2a.7,mc Local O-cillatora76.L 7Lmc

Measured Normalized Level in Measured Normalized Level in
Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

160o -30.0 /Coo ¢ ,
976" -VZ6 °  - o6 / ,r b- -!r
-7 Ze Y

- 0 2 _ _ _ I-
- /0~/ /-.0

~~~~~ J10 ±~~L

--00 "- 200 taoh //-2,26" -6.2,,_% /4216- fa5 -23,-6
72 -V7z -30 12S-6 -T-m - - Z-
72 -47. -b@ I t-

700 - 0 -1/, Z, 13Qo L300 , (0
/,7.' -3 2 5 " -to 2 B2 / 3 24" ...a, - - 10914 -
S7 -3:tfl -(06.6- 133A t30 -49,'s-
63 ±4 *71- 0T If / 6 +-'330V- ..z3

-2Eaz - 82,0 /YoO tUo& -

Nam 1 Date: LJ -k



TABLE 11-3.2-5
RADIATED SPECTRUM DATA:

EXPANDED CHANNELS I THROUGH 19 AND H

3aseband Structure: A% ) - .gJ N
Multiplex Level: 4,30 VaJ--t Unmodulated XMTR : j7jmc

"-J dbm

Local Oscillator,2., O.,Zmc Local Ocillator2I#.Z..7.mc

Measured Normalir ed Level in Measured Normalized Level in
Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

~9
/OTO - .TO -A.b Y'O +. o- .-/076' - 7.d6 " - ,A 0

750 -f
109 9L -" ,9-_ 0 _- 'T6

S - -2 #- .. 17. 6- _
1,26 -.-? .nLo, Ia0 +20 -mo

Yaa !r 2 6

1,2.J" -.?.S" -I k." 750,1 +-25 " -0 it.I -
I, " -, " (03 7 Y,2 1 4 3 -6,3 4

Is 7S -J2 Q 72L.Y -07,5A
136a- --13 bb - S 0 6 +30 -A .0
V 2r -. 1, 7 -. S
1,33 0 -33 0 0 Tl. O +ZA q.' , .
I Y --- 76" 2 '7. 0/," , -±37._-O I

If¥1 -t /06 -7. 0 10010 +Ao -7.6

22A?- - ..os - m A-7 i.t ._,'g"+ - - . 0

1 .e d-122-

Na me:-A ae
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TABLE 11-3.2-6
RADIATED SPECTRUM DATA:

CONSTANT BANDWIDTH MULTIPLEX
CHANNELS I THROUGH 21

Baseband.Structure: C ii~y -2 C~
*1

Multiplex Level: "?(VQ w S  Unmodulated XMTR: 219 7 mc
- dbm

Local Oscillator ;Z '7.Z mc Local Oscillator ;S'/._ mc

Measured Normalized Level in Measured Normalized Level in
Firpquency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

./'o o2 ... -1 _____-_ ..... . - o

- , - . -- S-/ , 14 -2 1- ,. 2 34- € ( 5

1/, - - -,_..2 , 0 - 1 ro
194-a -/O -11,'. a- __ -. :I f_ - - .

137x . --____ -. ___ /I; -3.o"9 -'

/.( 312- ... -- . __ , - ' .

2Y . "7 9- _._ - / -r"32..-
/9.20 -- 72 -__ _ -it70

____ 1-1 Of1 ~ __ _ 336 __ _

13% . - - ,. / _ - -7, -

/ .22 ..... -~ ~ ___- __-_. ___-__ - ssl...... -r -

... L . - '~ - . /o - -"-'.S

/37Z ... _____ - ,.... o1,9 - 376 -__._,,

I ilVZ 79Z __All,__

/3 " -= "/.'1 ~ __ _ _ ..- o~ _____- ____. _ - -

Yf- 11-0 Iwo - v/aO -- S7__

S: ,3vcJ € - ______ / o = - 5r , ' .

IS3Z -Ol 16' 5'/r-

-af Ne 9 z. De6-for,

-9Z3-

, :-A ' Date: __



TABLE U-3.2-6 (CONT'D.)
RADIATED SPECTRUM DATA:

CONSTANT BANDWIDTH MULTIPLEX
CHANNELS 1 THROUGH 21 -

Baseband Structure:- , , ,,, I- I ci Lt)
Mul t iplex Level: '34vir"$ - Unmodulated XMTR:_ 2 T.7 mc

-t ' dbvn

L...ocal Oscillator_ 2. mc Local Oscillator 26.2 mc

feasured Normalized Level in Measured Normalized Level in
requency Frequency 1. 0 kc BW Frequency Frequency 1.0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

,,to , - 0 , .. - O- /,212 :2 __r-/

5 -9, ,

. .. ..... .... J -a D t /_ _ _7__- .
.... ... __ __ _ __ __ _ J Lo .. 3i2"YT.

.. . ............. _ _ ___ ___ /0 ,2 _________-__

...... __ ____ _ __ ____-___ ____ -/6 .0O
- ' /. -/o?. oi
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TABLE 11-3. 2-7
RADIATED SPECTRUM DATA:

CONSTANT BANDWIDTH MULTIPLEX

CHANNELS I THROUGH 16

Baseband Strurture:C

Multiplex Level: ALS-owatme Unmodulated XMTR: 7 mc
dbm

Local Oscillatormc Local Oscillator2.a.&.7 mc

Measured Normalized Level in Measured Normalized Level in
Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

IO6 aq 3. S 12,72 2 . -At ,0D
1032e 1--0." 2. 2b¥ -tgo

/ #, ~ 1, 3q 12 Ito 29(, - 6, .
72 -. 0 -34,0 130 -t.oI

) Af 10q. -SY A- - , ,
182 I~ s -3110.0 133k 3 7,

I £9 9 -3L, 0 3q 3 iq "71

11,20 .... )20- -3 S I ,S 3 8 -76:0

1 1k 2J -37.0 13116 3 76 -77.0
11 - (0 -230 ... 3H - -J7R,0

I A l. 4,Y -1 to, ¥92 1.d -I 0
J~!._A17L. 41623~

Ill g 1,8 - ." 141& W&/6"g,
i 1 7to Z& 06 - t91 .74 Ya1 -8 7, 0U.L912 Jfs -WII2 -18.

1200 200 -SO." A**' JOS #4190, a1W. - ,/,es - H-A -9ffk
Ito 2. &P S, -,~ Q .' , I A1016 -9.

12 2 ,22 -Ar _0, 1,02 I D - .

)2 q0'1 2¢ 1-5- I tq~t .f

Name: : ADA Dat e: Q_4A
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TABLE 11-3. 2-7 (CONT'D.)
RADIATED SPECTRUM DATA:

CONSTANT BA NDWIDTH MULTIPLEX
CHANNELS-I THROUGH 16

Baseband Structure: c t e I C R w
Multiplex Level: - Unmodulated XMTR: 2Xr, 1mc

LocAl Oscll'ator ,a27.mc Local Oscillator imc

(easured Normalized Level in Measured Normalized Level in
requency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dtrr., (kc) (kc) (dbm)

/156,02 .02 -97,0

I '*.? ".5" ,-9". 0

I ,I I
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TABLE II-3.Z-8
RADIATED SPECTRUM DATA:

COMBINATIONAL BANDWIDTH MULTIPLEX

Baseband Structure: C , ,t'-"A C~l.l 4 1-11 ? LA.)

Multiplex Level: 1,.yjw,],Ms Unmodulated XMTR: '_ mc
-1Qdbm

Local Oscillator &.2LO__mc Local Oscillator._gL_ mc
[

Measured Normalized Level in Measured Normalized Level in

Frequency Frequency 1. 0 kc BW Frequency Frequcncy 1. 0 kc BW

(kc) (kc) (dbm) (kc) (kc) (dbm)

im -/ ". 1Z 2, -I.(.

, 4 9 4 I L 32 Y & s- 0

/!y 7 -2 to, 5Y I/~ h }2- -as -727.
I.. 1 A ",,I - 3 2o -ft , " &M 12 , a 0b ....6 - 1, a"

/ ¥ ,, o - YO - .s- .i & -: ,,. "

wzVI !jL 111Ai ILI1L V -&1.
WAJ& iI 11 RE - (

/9 #.0 -91C) -H 9.+ 1 ]72 - 3;# -70,o

/Y /2 -9 1-449. A1 11 --l/,/o,/- ? ,-Ai. It 1/, - 3 "YA - 7 ,"

13 fo - / ! 3' -.

1.;R, -WIL - H. 1ia0 - . - 7_±L

Z. -1LO -A4 2 I 110 ,7.,"

£ r1y -2., L' -r3 / a" - ."

A o g ,o 1-, 1 3- 3 - 77-..7"Is.IV V -).16(, - A"1._6 g /n6, -:Sq - /

/.,T 8 -1sa. -- *". _16,0 .- ¥t - ,

);218g -:l.-51 /0109 -,tqo - o

1jeo - , ,o I-Sl1 oa "t1o9d,

s;e ct Na4 2 me:_$] , W+t:,7 -S
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TABLE 11-3.2-8 (CONT'D.)
RADIATED SPECTRUM DATA:

COMBINATIONAL BANDWIDTH MULTIPLEX

Baseband Structure: .Ca,.,:e I C160 + 1,71 7)1

Multiplex Level: 6 3" brir-vet $ Unmodulated XMTR: .S-? 7 mc
-/ . ,dbm

Loc-'l Oscillator ;2i--. ,,me Local Oscillator P/.2 mc

Measured Normalized Level in Measured Normalized Level in

Frequency Frequency 1. 0 kc BW Frequency Frequency 1. 0 kc BW

(kc) (kc) (dbm) (kc) kc) (dbm)

i___O - ,,'.V - 2c 0______ ____-____-

/Q20 4...

Name: -- ate: -/, .
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3.3 SYSTEM INTERMODULATION TEST

3. 3. 1 General

The system intermodulation test consists of removing the modulation for re
particular channel, called the search channel, and substituting a voltage ramp
to sweep the channel slowly from low bandedge (LBE) to high bandedge (HBE).
With the remaining channels in the multiplex modulated by sine-wave oscilla-
torb, the intermodulation on the search channel output is viewed on an oscillo-
scope and photographed. In the technique used, the oscilloscope horizontal
sweep waveform deviated the search channel from LBE to HBE in 40 seconds.
The block diagram for the test is shown in Figure 11-3. 3-1.

3. 3. 2 Detailed Procedure

a. With the pre-emphas.s schedule and transmitter dcviation selected
from previous tests, provide the receiver with an rf signal so that the IF S/N
ratio is greater than 20 db.

b. Calibrate all VCOs.

c. Deviate all VCOs FBW at 5 cps or 0. 1 fr, whichever is larger,
where fm is the maximum data response of he channel for the particular de-
viation ratio.

d. Set the discriminator output level for *10 volts for bandedge devia-
tion.

e. Set the oscilloscope sweep speed to 5 sec/cm and adjust the ampli-
tude of search channel input to deviate the channel to full bandwidth (FBW).
This should be verified by viewing the dc-coupled sweep on a vertical scale of
5 v/cm.

f. The ac-coupled trace can now be used to view intermodulation noise
on the 0. Iv/cm vertical scale. Using the single trace provision, photograph
the trace with a lens setting of f:10.

3. 3. 3 Results

Typical data are shown in Figure 11-3. 3-2. In Figure 11-3. 3. 2a, trace no. I is
the discriminator output dc coupled and showing the horizontal calibration. Trace
no. 2 is the amlified and ac-coupled discriminator output signal. This particu-
lar test has been arranged to demonstrate a beat note by holding the VCOs caus-
ing the beat at center frequency. Figure 11-3. 3-2b is the same channel with the
same VCOs modulated. To prevent overexposure, the direct-coupled-discriminator
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output is not shown on the data photographs. The photograph in Figure U-3. 3-Za
was taken using an alternate-sweep mode. In all cabes. the calibration was
checked prior to taking a photograph.

3. 3. 3.1 IRIG Baseband

The detailed conditions for the test were:

Test channels: IRIG channels I through 18

Multiplex level: 1.0 volt rms

IF S/N ratio: 39 db

Deviation ratio: 5, 2, and I

LPOF: Nominal fc for DR, constant amplitude 18 db/octave type

Figures 11-3. 3-3. through I-3. 3-20 show the results of the 18-channel system
test. The data has been summarized in Figure 1-3.4-2.

3. 3. 3. 2 Wideband IRIG Baseband

The detailed conditions for the test were:

Test channels: IRIG channels I through 16 plus channel E

Multiplex level: 1. 0 volt rms

IF S/N Ratio: 39 db

Deviation ratio: 5

LPOF: Nominal fc for DR - 5, constant amplitude 18 db/octave
type

Figures .1-3. 3-2i through U-3. 3-26 show the results of the wideLand tRIG sys-
tem operated at a deviation ratio of 5. The data is summarized in Table 1-3. 4-3.

3. 3. 3. 3 Expanded Baseband

The detailed conditions for this test were:

Test channeis: I through 21

Multiplex level: 750 my rms

-13C. -
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IF SIN ratio: 39 db

Deviation ratio: 5

j LPOF: Nominal fc for DR 5, constant amplitude 18 db/octave
type

Figures U-3. 3-27 through 11-3. 3-33 show the resuilts of the 21-channel system.
The data is summarized in Table 1-3.4-3.

3. 3. 3. 4 Wideband Expanded Baseband

The detailed conditions for this test were:

Test channels: i through 19 plus channel H

Multiplex level: 630 my rms

IF S/N ratio: 39 db

Deviation ratio: 5

LPOF: Norrinal fc for DR = 5, constant amplitude 16 db/octave
type

Figures 11-3. 3-34 through 11-3. 3-40 show the results of the wideband expanded
baseband system. The data has been summarized in Table 1-3.4-3.

3. 3. 3. 5 Constant-Bandwidth Baseband

The detailed conditicns for this test were:

Test channel. : I through 21

Multiplex 4 nvel: 360 mv rms

IF S/N ratio: 39 db

Deviation ratio: 2

LPOF: Nominal f for DR = 2, constant amplitude 42 db/octaveC

type

Figuro-s 11-3. 3-41 through 11-3. 3-47 show the results of the constant-bandwidth
baseband intermodulation for a deviation ratio = 2. This data is summarized in
Table 1-3.4-4.
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Figures U-3. 3-48 through U-3. 3-55 show the results of interrnodulation data for
con stant-bandwidth channels 6. 10, 14, and 19 for deviation ratios of 1, Z, and
4 for these conditions of modulation on all other channels: modulation index equal
to deviation ratio of search channel and with aU channels at center frequency un-
modulated. This data is summarized in Table 1-3.4-5.

Figure U1-3. 3-56 shows a comparison of deviation ratios of 4, 2. and I on con-
stant-bandwidth channel 6. Figure 11-3. 3-57 shows the effect of changing the sub-
carrier discriminator output filter from a 7 pole (42 db/octave) to a 3 pole (18 db/-
octave) type on constant-bandwidth channels 3, 6, and 19. Figure 11-3. 3-58 shows
the effect of bypassirg the rf link in the constant-bandwidth system for channel 6
operated at a deviation ratio of 2. Figure 11-3. 3-59 shows the effect of replacing
the Nems-Clarke Model 1455A with a Defense Electronics Model TMR-ZA Re-
ceiver in the normal constant-bandwidth system. The above data is summarized
in Table 1-3. 4-7.

The constant-bandwidth-system intermodulation was investigated using an EMR
Model Z46A in place of the Leach Model FM 200 Transmitter. Data for various
system modifiLcations was taken and is shown in Figures 11-3. 3-60 and 11-3. 3-61.
This data is discussed in Section 3. 4 of Volume I and is summarized in Table
1-3.4-8.

3. 3. 3. 6 Combinational-Bandwidth Baseband

The deta.led conditions for this test were:

Tnst channels: IRIG channels 1 through 11; CBW channels 1
through 21

Multiplex level: 635 my rms; IRIG channels, 210 my rms;
CBW channels, 600 myv rms

IF S/N ratio: 39 db

Deviation ratio: IRIG channels, DR 5; CBW channels, DR = 2

LPOF: Nominal fc for DR used, constant amplitude: 42 db/oc-
tave for CBW channels, 18 db/octave for IRIG channels

Figures 11-3. 3-62 through U-3. 3-72 show the results of the combinational-band-
width baseband intermodulation. Figure U1-3. 3-73 shows the inclusion of IRIG
channel 12 into the baseband. This data is summarized in Table 1-3.4-6.
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'race No 2 Trace No. I
a. 2vicm V zSvfcmn
5sec/cm H = Sec/cm

T1~
100%
FBW

LBE CF HE

a. Search Channel: 22 kc. 52. 5 kc and M0 0 kc at center
frequency, all other channels off. RIM,- level - 3my max.

b. Search Channel: 22 Icc. 52. 5 kc and 30. 0 kc modulated
FBW at 0. 1 f.. A!ll other channels off I. RMS level lZ1 my nmx

FIGURE U-3. 3-2
LMODULATION TEST: CALIBRATION AND EXPLANATION OF TECHNIQUE
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Vertical: 0. 5S FBW/cmn
RMS Level s 14 myv max

b. DR=Z2
Vertical: 2. 5% FBW/cm
RMS Leve! 46 my max

C. DR=
Vertical: 5. 0% FBW/cm
RMS Level 90 my max

LBE'C HBE

FIGURE 11-3. 3-3
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL I
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a.DR 3
Vertical: 0. 5% FBW/cm
RMS Level I I1 mv max

b.. DR 2
Vertical: Z. 5% FEW/cm
RMS Level a50 mv max

C. DR I
Vertical: 5. 0% FBW/cm
RMS Level =300 my max

LBE CF HE

FIGURE fl-3. 3-4I

INTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR =5, Z, AND 1; CHANNEL 2
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a. DR= S
Vertical: 0. 5% FBW/cm
RMS Level: Z ) myv max

b. DR= 2
Vertical: Z. 5% FEW/cm
RMS Level ZSO8 my max

Vertical: 5. 0%e FBW/cm
RMS Level =1050 my max

LBE CF HBE

FIGURE !1-3. 3-5

IINTERMODULATION TEST: IRIG MULTIPLEX;
SEARCH CHANNEL DR = 5 2, AND 1; CHANNEL 3
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Aw-w-V wwwra. DR s5
Vertical:- C. 5% FEW/cm
RMS Level IS1 my MAX

b. DR 2
Vertical: 2. 5% FEW/cm
RMS Level =130 my max

c.DR I
Vertical: S. 0%* FEW/cm

RMS Level 630 my max'

LEE CF HE

FIGURE 11-3. 3-6
INTERMODJL4ATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 4
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a. DR5
Vertical: 0. 501 FBW/cm,
RMS Level =18 my max

b. DR 2
Vertical: 2. 5%1 FBW/cm
RMS Level =5C mv max

C. DRl

me 10-Vertical: 5. 00% FBW/cm
RMS Level 110 mv max

LBE CF HBE

FIGURE 11-3. 3-7
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2. AND 1; CHANNEL 5
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a. DR S
Vertical: 0. 5% FEW/cm
RMS Level =15 my max

b. -DR= 2
Vertical: Z.5% FEW/cm
RMS Level 55 my max

C. DRl
Vertical: 5. 0% FBW/cm
RMS Level 2 40 my max

LBE CF HBE

FIGURE n-3. 3-8
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR 5, 2, AND 1; CHANNEL 6
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a. DR= 5
Vertical: 0. 5% FBW/cm
RMS Level =16 mv max

b. DR 2
Vertical: 2. 5%1 FBW/cm
RMS Level =45 mv max

C. DRl
Vertical: 5. 0% FBW/cm.
RMS Level =140 mv max

LBE CF HBE

FIGURE 11-3. 3-9
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 7
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a. DR= 3
Vertical: 0. 5O/ FBW/cm

LML~A"APL1RMS Level =15. 5 my max

b. DR= Z
Vertical: Z. 596 FBW/crn
RMS Level =170 my max

C. DRl
Vertical: 5. 076 FJW/cm
RMS Level =680 my max

LBE CFHBE

FIGURE 11-3. 3-10
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 8
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a. DR =5
Vertical: 0. 5%6 FBW/cm
RMS Level =17 my max

b. DR= 2
Vertical: 2. 5%6 FBW/cm
RMS Level =75 my max

C. DR=l1
Vertical: 5. 0%1 FBW/cm
RMS Level =300 my max

LBE CF HBE

FIGURE 11-3. 3-11
TNTERNIODULATION TEST: IRIG MULTIPLEX;

SE-ARCfJ CHIANNEL DR =5, 2, AND 1; CH-ANNEL 9
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a. DR= 5
Vertical: 0, 5% FEW/cm
RMS Level =18 my max

b. DR= 2
Vertical: 2. 5%1 FEW/cm
RMS Level =53 my max

C. DR=lI
Vertical: 5. 0%o FBW/cm
RMS Level =85 my max

LBE CF HBE

FIGURE 11-3. 3-12
INTERMODtJLATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 10
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a. DR 5
Vertical: 0. 516 FEW/cm
RMS Level =17 my max

b. DR=2
Vertical: 2. 5% FBW/cm
RMS Level: 70 my max

c. DRl
Vertical: 5. 0%1 FBW/cm

Aim" RMS Level: 170 my max

LEE CF HBE

FIGURE 11-3. 3-13
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH- CH{ANNEL DR = 5, 2, AND 1; CHANNEL 11
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a, DR= 5
Vertical: 0. 5%Y FEW/cm

Ad.&.A MSM.A& LAAWAAWARMS Level =19 my max

b. DR= 2
Vertical: 2. 5% FBW/cm
RMS Level =55 mv max

C. DR=lI
Vertical: 5. 09% FEW/cm
RMS Level =90 my max

LBE CF HBE

FIGURE 11-3. 3-1.4
INTERMODTJLATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 3, AND 1; CHANNEL 1Z
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a.DR= 5
Vertical: 0. 5% FBW/cm
RMS Level 20 my max

b. DR=Z2
Vertical: 2. 5% FEW/ Ien
RMS, Level 55 mv max

C. DR I
Vertical: 5. 0%6 FEW/cm
RMS Level =100 mv max

LBE CF HBE

FIGURE 11-3. 3-15
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR = 5, 2, AND 1; CHANNEL 13
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a. DR 5
Vertical: 0. 501 FBW/cm
RMS Level: 19 my max

b. DR=Z2
Vertical: Z. 5% FEW/cm
RMS Level =78 my max

pollc. DR=l
Vertical: 5. 0%1 FEW/cm
RMS Level =200 my max

LBE CF HBE

FIGURE 11-3. 3-16
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 14
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a.DR S5
Vertical: 0. 5% FEW/cm,
RMS Level =19 my max

b. DR=2
Vertical: 2. 5% FEW/cm
RMS Level =80 my max

C. DRl
Vertical: S. 0%1 FEW/cm
RMS Level Z 50 my max

LBE CF. BE

FIGURE U1-3. 3-17
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 15
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a. DR 5
Vertical: 0. 5% FEW/cm
RMS Level =19. 5 mv max

b. DR=Z2
Vertical: 2. 5% FBW/cm
RMS Level =90 my max

C. DR= I
Vertical: 5. 0%f FBW/cm
RMS Level =350 mv max

LBE C F HBE

FIGU(RE 11-3. 3-18
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR = 5, 2, AND1; CEANNEL 16
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a. DR :z5
Vertical: 0. 5% FEW/c~m
RMS Level 25 my max

b. DR= 2
Vertical: 2. 5% FEW/cm
RMS Level 80 my max,

C. DR=lI
Vertical: 5. 0%1 FEW/cm
RMS Level =300 my max

LEE CF HBE

FIGURE I-.3-19
INTER1,4DULATION TEST: IRI(G MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 17



b. DR= 2
Vertical: 0. 5%1 FBW/cm
RMS Level 90mv max

C. DR=ZI
Vertical: 2. 0% FBW/cm
RMS Level 3590 m max

LBE CF HBE

FIGURE 11-3. 3-20
INTERMODULATION TEST: IRIG MULTIPLEX;

SEARCH CHANNEL DR =5, 2, AND 1; CHANNEL 18
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Channel 1, 400 cps :t-. 5~

RMS Level =28 my max.

Chianel 2, 560 cps +7. 5%r
DR =5
RMS Level 23 my max.

Channel 3', 730 cps
DR=5
RMS Level =26 my max.

LBE CF HBZ

Horizontal: 5 sec/cm, Vertical: 0. 5%7 FBW/cm

FIGURE 11-3.3-21
INTERMODUL-ATION TEST: IRIG WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 1, 2, AND 3
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Channel 4, 960 cps *7. 5%
DR =5
RMS Level =15 my max.

Channel 5, 1. 3 kc *7. 501
DR= 5
RMS Levsgi 18 mv max.

Channel 6, 1. 7 kc *7. 50%
DR =5
RMS Level =15 mv max.

LBE CF HE

Horizontal: 5 sec/cm Vertical: 0. 5% FEW/cm

FIGURE U-3. 3-22
INTERMODULATION TEST: IRIG WIDEI3AND MULTIPLEX;

SEARCH CHANNEL DR 5; CHANNELS 4, 5, AND 6
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Channel 7, 2. 3 kc +7. 576
KimDR 5

RMS Level =14 my max.

Channel 8, 3 kc *7. 50%'
DR =5
RMS Level =12 mv max.

Channel 9, 3. 9 kc *7. 5%
DR =5

LBE CF HBE

Horizontal: 5 sec/Cm Vertical: 0. 5% FBW/cm

FIGURE 11-3. 3-23
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9
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Channel ?0, 5. 4 kc 17. 5%1
DR= 5
RMS Level =17. 5 my max.

Channel 11, 7. 35 kc *7. 50/
DR = 5
RMS Level =16. 5 my max.

Channel 12, 10. 5 kc *7. 5%o
DR = 5
RMS Level =17 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5% FEW/cm

FIGURE 11-3. 3-24
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 10, 11, AND 12
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Channel 03, 14. 5 kc *7. 5%/
DR= 5
RMS Level -15 my max.

Channel 14, 22 kc *7. 5%1
DR = 5
RMS Level =17 rrw max.

Channel 15, 30 kc *7. 5%-/
DR= 5
RMS Level =19 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%1 FBW/cm

FIGURE H-3. 3-25
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 13, 14, AND 15
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channel 16, 40 kc *7. 5%
DR=5
RMS Level Zs2 my max.

Channel E, 70 kc *15%
DR = 5
RMS Level =16. 5 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5'7 FBW/cm

FIGURE 11-3. 3-26
INTERMODULATION TEST: IRIG WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 16 AND E
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Channel 1, 400 cps *7. 5%
DR= 5
RMS Level 20 my max,

Channel 2, 560 cps *7. 501
DR = 5
RMS Level 25 my max.

Channel 3, 730 cps *7. 5%
DR =5
RMS Level 18 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%1 FBW/cm

FIGURE 1-3. 3-27
INTERMODULATION TEST: EXPANDED MULTIPLEX;

SEARCH CHANNEL DR =5; CHANNELS 1, 2, AND 3
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Channel 4. 960 cps *7. 5%
DR= 5
RMS Level =1.3 my max..

Channel 5, A*. 3 kc *7. 5%
DR= 5
RMS Level 20Z r v max.

Channel .6, 1. 7 kc *7. 5%
DR = 5
RMS Level =18 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5% FEW /cm

FIGURE 11-3. 3-28
INTERMODULATION TEST: EXPANDED MUVLTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 4, 5, AND 6
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Char~nal 7, Z. 3 lie *7. S5*
DR= 5
RMS Level IS1 my max.

Channel 8. 3. 0 lic *7. 5%f
DR =5
RMS Level 15 my max.

Channel 9. 3. 9 Icc *7. 5%
DR =5
RMS Level 15 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 501 FEW/cm

FIGURE 11-3. 3-29
INTERMODUL.ATION TEST: EXPANDED MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9
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Channel 10, S. 4 kc *7. 5%
DR a5
RMS Level 19 mv max.

Channel 11, 7. 35 kc *7. 541
DR =5
RMS Level IS1 mv max.

Channel 12, 10. 5 kc *7. 50%
DR = 5
RMS Level =19 mv max.

LBE C F HBE

Horizontal: 5sec/cm Vertical: 0. 5O/ FEW/cm

FIGURE 11-3. 3-30
INTERMO')ULATIQN TEST: EXPANDED MULTIPLEX;I
SEARCH CHANNEL DR =5; CHANNELS 10, 11, AND 1Z
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Channel 13, 14. 5 kc *7. 5%
DR =5
RMS Level =24 my max.

Channel 14, 22. 0 kc *7. 5%
DR =5
RMS Level =31 my inax.

Channel 15, 30. 0 kc *7. 5%1
DR =5
RMS Level =32 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0.35% FEW/cm

FIGURE 11-3. 3-31
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR =5; CHANNELS 13, 14, AND 15

-163-.



I Channel 16, 40. 0 kc *7. 5%
DR =
RMS Level =35 my max.

Channe.l 17, 52.05 kc *7. 5%6
DR =5
RMS Level =36 my max.

Channel 18, 70. 0 kc *7. 5%
DR = 5
RMS Level 3 31 my max.

LBE CF JiBE

Horizontal: 5 sec/cm. Vortical: 0. 5% FBW/crn

FIGURE 11-3. 3-32
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 16, 17, AND I8

-164-



Channel 19, 93. 0 kc *7. 5%7
DR=5
RMS Level -27 my max.

Channel 20, 124. 0 kc *7. 5%1
DR=S
RMS Level =26 mv max.

Channel 21, 165. 0 kc ±7.5%7
DR = 5
RMS Level =21 mv max.

*LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%7 FBW/crn

FIGURE 11-3.3-33
INTERMODULATION TEST: EXPANDED MULTIPLEX;
SEARCH CHANNEL DR = 5; CHANNELS 19, 20, AND 21
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Channel 1. 400 cps *7.5%
DR5
RMS Level 24 my max.

Channel 2, 560 cpu *7. 501
DR =5
RMS Level =20 my max.

VFWChannel 3, 730 cps *7. 5
DR= 5
RMS Level =22. my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%f FBW/cm

FIGURE 11-3. 3-34
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 1, 2, AND 3



Channel 4, 960 cps *7. 5%
ff ~DR =5

RMS Level =16 mv max.

Channel 5, 1. 3 kc *7. 501
DR =5
RMS Level =16 mv max.

Channel 6, 1. 7 kc *7. 5%
DR =5
RMS Level =15 mv rnax.

LI3E CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5% FBW/cm

FIGURE 11-3. 3-35
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEiL DR = 5; CHANNELS 4, 3, AND 6
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Channel 7. 2. 3 kc *7. 5%/
DR-=S
RMS Level =17 mv max.

Channel 8. 3. 0 kc *7. 5%/
DR=5S
RMS Level IS1 my max.

Channel 9. 3. 9 kc *7. 5%/
DR= 5
RMS Level =16 my max.

LBE CF HBE

Horizontal: 5 uec/cm Vertical: 0. 5% FBW/cm

FIGURE U-3. 3-36
INT%-RMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 7, 8, AND 9

-168-



Channel 10, 5. 4 kc *7. 5%1
DR =5
RMS Level =18 mv max.

Channel 11, 7. 35 kc *7. 5%1
DR = 5
RMS Level =18 my max.

Channel 12, 10. 5 kc *7. 55o
DR =5
RMS Level =16 mv max.

LBE CF HBE

H-orizontal: 5 sec/cm Vertical: 0. 3% o.BW/cm

FIGURE 11-3. 3-37
INTERMODULATION TEST: EXJ'PANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 10, 11, AND 12
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Channel 13, 14. 5 ke *7. 501
DR =5

AL RMS Level =20 my max.

Channel 14, 22, kc *7. 5%7
DR = 5
RMS Level Z 7 my max.

Channel 15. 30 kc *7. 5%o
DR = 5
RMS Level =22 my max.

LBECF HBE

Horizontal: 5 sec*/cm Vertical: 0. 5% FEW/cm

FIGURE 11-3. 3-38
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 13, 14, AND 15
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Channel 16, 40 kc *7. 5%1
DR =5
RMS Level =23 my max.

Channel 17, 52. 5 kc *7. 5%
DR = 5
RMS Level =24 my max.

Chaninel 18, 70 kc *7. 5%1
DR = 5
RMS Level =30 my max.

LBE CF H-BE

Horizontal: 5 sec/cm Vertical: 0. 5%1 FBW/cm

FIGURE 11-3. 3-39
INTERMODULATION TEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNELS 16, 17, AND 18
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Channel 19, 93 kc *7. 5%/
DR = 5
RMS Level 2 5 my max.

Channel H, 165 kc *15%
DR = 5
RMS Level 2 5 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 501 FBW/cm

INTERODULTION FIGURE 11-3. 3-40
INTRMOULAIONTEST: EXPANDED WIDEBAND MULTIPLEX;

SEARCH CHANNEL DR = 5; CHANNIEL 19 AND H
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Channel 1, 16. 0 kc *2 kc

RMS Level - 86 my max.

Channel a, 24. 0 kc *2 kc

RMS Level =94 my max.

Channel 3, 32.O0kc *Zkc

RMS Level =110 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 5% FEW/cm

FIGURE 11-3. 3-41
INTERMODULATICN TEST: CONSTANT -BANDWIDTH M,,ULTIPLEX, MI =20;

SEARCH CHANNEL DR = 2; CHANNELS 1, 2, AND 3
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Channel 4, 40. 0 kc *2 kc

RMS Level -97 my max.

Chaninel 5, 48. 0 kc *2 kc

RMS Level =94 my max.

Channel 6, 56. 0 kc *2 kc

RMS Level =140 my max.

LBE CFHE

Horizontal: 5 sec/cm Vertical: 2. 5%1 FEW/cm

FIGUJRE U1-3. 3-42
4ITERMODULATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MI =20;

SEARCH CHANNEL DR = 2; CHANNELS 4, 5, AND 6
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Channel 7, 64. 0 kc *2 kc

RMS Level 86 my max.

Channel 8, 72. 0 kc -±2 'tc

RMS Level =85 trw max.

Channel 9, 80. 0 kc *2 kc

RMS Level =86 my max.

LBE CF HBE;

Horizontal: 5 sec/cm Vertical: 2. 5% FBW/cm

FIGURE 11-3. 3-43
INTERMODULATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MI =20;

SEARCH CHANNEL DR =2; CHANNEILS 7, 8, and 9
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Channel 10, 88. 0 kc *2 kc

RMS Level -89 mv max.

Channel 11, 96. 0kc *2kc

RMS Level =87 mv max.

Channel 12, 104. 0 kc +2 kc

RMS Level =86 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 5%6 FEW/crn

FIGUJRE 11-3. 3-44
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI =20;

SEARCH CHANNEL DR = 2; CHANNELS 10, 11, AND 12
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Channel 13, 112. 0 kc *2 kc

R'4S Level 81 my max'.

Channel 14, 120. 0 kc ±Z kc

RMS Level =90 my max.

Channel 15, 128. 0 kc *2 kc

RMS Level.= 83 my -max.

LBE. CF HBE

Horizontal: 5 sec/cm Vertical: 2. 3%FBW /cm

FIGURE 11-3. 3-45
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPT.EX, MI =20;

SEARCH CHANNEL DR =2; CHANNELS 13, 14, AND 15
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Channel 16, 136. 0 kc *2 kc

RMS Level 85 my max.

Channel 17, 144. 0 kc *2 kc

RMS Level =86 mv max.

Channel 18, 152. 0 kc *Z kc

RMS Levil 81 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 50% FBW/c-rn

FIGUREZ 11-3. 3-46
NTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI 20;

SEARCH CHANNEL DR 2 ; CPANNELS 16, 17, AND 18
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Channel 19, 160. 0 kc *2 kc

RMS Level =91 my max.

Channel 20, 168. 0 kc *2 kc

RMS Level =85 mv max.

Channel 21, 176. 0 kc *2 kc

RMS Level =82 my max.

LECF HBE

Horizontal: 5 sec/cm, Vertical: 2. 516 FBW/cm

FIGURE U-3. 3-47
INTERMODULATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MI =20;

SEARCH CHANNEL DR Z ; CHANNELS 19, 20, AND 21
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Channel 6: 56. 0 kc *Z kc

RMS Level =152 my max.

Channel 10: 8,1. 0 kc *2Z kc

RMS Level =93 my max.

Channel 14:- 120. 0 kc *2 kc

RMS Level =92 mv max.

Channel 19: 160. 0 kc *2 kc

RMS Level =94 my max.(

LBE CFHBE

Horizontal: 5 sec/cm Vertical: 2. 5% FEW/cm

FIGURE 11-3. 3 -48
:NTERMODULATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MI =2;

SEARCH CHANNEL DR =2; CHANNELS 6, 10, 14, AND 19
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Channel 6, 56. 0 kc *2 kc

RMS Level =200 mv max.

Channel 10, 88. 0 kc *2 kc

RMS Level =128 mv max.

Channel 14, 120. 0 kc *2 kc

RMS Level =120 mv max.

Channel 19, 160. 0 kc *2 kc

RMS Level =106 mv max.

LBE CFHBE

Horizontal: 5 sec/cm Vertical: 2. 51% FEW/cm

FIGURE 11-3. 3-49
INTERMODU.LTION TEST: CONSTANT BANDWIDTH MULTIPLEX,

VCO'S AT CENTER FREQUENCY; SEARCH CHANNEL DR 2-
CHANNELS 6, 10, 14, AND 19
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Channel 6: 56. 0kc *2kc

RMS. Level =285 my max..

Channel 10: 88. 0 kc *2 kc

RMS Level =205 my max.

Channel 14: 120. 0 kc *2 kc

RMS Level =200 mv max.I

Channel 19: 1604 kc *2 kc

RMS Level =210 my max.

LBE CF E

Horizontal: 5 ,eac/cm, Verticab 5. 0% FEW/cm

FIGURE 11-3. 3-50
qTERMODULATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MIs 20;

SEARCI CHANNEL DR =1; CHANNELS 6. 10, 14. AND 19
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Channel 6: 56. 0 kc *2 kc

-Add*RMS Level =33,0 my max.

Channel 10: 88. 0 kc *2 kc

RMS Level =310 my max'

Channel 14: 120. 0 kc *2 kc

RMS Level =440 my max

Channel 19: 160. 0 kc *2 kc

RMS Level =300 my max.

LEE CF HBE

Horizontal: 5 sec/cm Vertical: 5. 001 FEW/cm

FIGURE 11-3. 3-51
INTERMODULATION TZEST: CONSTANT -BANDWIDTH MULTIPLEX, MI -1;

SEARCH CHANNEL DR =1; CHANNELS 6, 10, 14, AND 19
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Channel 6. 56. 0 kc *2 kc

RMS Level =330 my max.

Channel 10. 88. 0 kc *2 kc

RMS Level =260 my max.

Channel 14. 120. 0 kc *2 kc

RMS Level =220 my max.

Channel 19. 16 0. 0 Icc *2 kc

RMS'Level =218 my max.

LBE CF HB

Horizontal: 5 sec/cm Vertical: 5. 0% FEW/cmn

FIGURE 11-3. 3-52
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX,

VCO'S AT CENTER FREQUENCY; SEARCH CHANNEL DR -1;

C7{ANNELS 6t 10s 14, AND 19
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Channel 6: 56. 0 kc *2 1'c

RMS Level =34 mv max.

Channel 10: 88. 0kc *2 kc

RMS Level = 17. 5 mv ma..

Channel 14: 120. 0 kc *E2 kc

RMS Level -18. 6 mv max.

Channel 19: 160. 0 kc *2 kc

RMS Level =19. 5 mv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%1 FBW/cm

FIGURE 11-3. 3-3
INTERMODULATION TEST: CONSTANT-BANDWIDTH MULTIPLEX, MI =20;

SEARCH CHANNEL DR = 4; CHANNELS 6, 10, 14, AND 19
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Channel 6: 56. 0 kc *2 kc

RMS Level =32. 0 my max.

Channel 10: 88. 0 kc *2 kcJ

RMS Level =18. 0 my max.

Channel 14: 120. 0 kc *2 kc

RMS Level -19. 2 my max.

Channel 19: 160. 0 kc *2 kc

RMS Level =19. 6 my max.

LBE CF HE

Horizontal: 5 sec/cm Vertical: 0. 5% FEW/cm

FIGURE 11-3. 3-54
[NTERMODULATION TEST: CONSTANT -BA NDWIDTH MULTIPLEX, MI n 4;

SEARCH CHANNEL DR = 4; CHANNELS 6, 10, 14, AND 19
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Channel 6, 56. 0 kc *2 kc

Lila 
RMS Level 40. 0 mv mar..

Channel 10, 88. 0 kc *2 kc

RMS Level =26. 0 my max.

Channel 14, 120. 0 kc *E2 kc

&Aa ARMS Level =26. 0 my max.

Channel 19, 160. 0 kr, *2 kc

RM1S Level =23. 6 my max.

LBE FHBE

Horizontal: 5 uec/cm Vertical: 0. 501 FEW/cm

FIGURE 11-3. 3-55
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX,

VCO'S AT CENTER FREQUENCY; SY-ARCH CHANNEL DR = 4;
CHANNELS 6, 10, 14, AND 19
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CJkannel 6: 56. 0 kc *2 kc
DR 4

Channel 6:. 56. 0 kc *2 kc
DR 2

Channel 6: 56. 0 kc *2 kc
DR I

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 5'% FBW/cm

]FIGURE 11-3. 3-56
INT ERMODULA TION TEST: CONSTANT-BANDWIDTH MULTIPLEX,,

DEVIATION RATIO COMPARISON, MI = 20;
SEARCH CHANNEL DR = 4, 2, AND 1; CHANNEL 6
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I Channel 3: 32. 0 kc *2 kc

I RMS Level =106 my max.

Channel 6: 56. 0 kc *2 kc

ITN RMS Level =126 my max.

Channel 19: 160. 0 kc *2 kc

RMS Level =98 my max.

LBE C-F HE

Horizontal: 5 Bec/cm Vertical: 2. 501 FEW/cm

FIGURE 11-3.3-57
INTERMODtJLATION TEST: CONSTANT -BANDWIDTH MULTIPLEX, MI 20,

WITH CONSTANT -AMPLITUDE, 18 DB/OCT OUTPUT FILTERS;
SEARCH CHANNEL DR = 2; CHANNELS 3, 6, AND 19
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Channel 6. 56.O0kc *2 kc

RMS Level =30 mv

LBE CF

Horirontal: 5 sec/cm Vertical: 2. 5% FEW/cm

FIGURE 31-3. 3-58
INTERMODTTLATION TEST: CONSTANT BANDWIDTH MULTIPLEX,

WITH RADIO FREQUENCY EQUIPMENT BYPASSED. AG = 20;
SEARCH CHANNEL DR = 2; CHANNEL 6
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Channel 6: 56. 0 kc *2 kc

RMS Level = 138 rav miax.

Channel 10: 88. 0 kc +-Z kc

RMS Level =95 mv max.

Channel 14: 120. 0 kc *2 kc

RMS Level =95 my max.

Channel 19: 160. 0 kc *2 kc

RMS Level -95 mv max.

LiCF HB -E

Horizontal: 5 sec/cmi Vertical: 2. 501 FEW/cm

FIGURE 11-3. 3-59
INTERMODUIATION TEST: CONSTANT-BAND)WIDTH MULTIPLEX, MI 20,

USING DEFENSE ELECTRONICS TMR-2A RECEIVER;
SEARCH CHANNEL DR = 2; CHANNELS 6, 10, 14 AND 19
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Standard Intermodulation Test:
Leach FM ZOO replaced by
EMR 246A Transmitter
RMS Level =134 my max.

Effect of IF Bandwidth., Nems-
Clarke 1455A 500 kc IF replaced
with Nems-Clarke Special 1703A
1. 0 Mc IF Receiver
R.MS Level =118 my max.

Effect of Uncorrelated VCO
Modulation:- EMR 246A and
500 kc IF Nems-Clazke 1455A
with VCO's individually modu-
lated with 100 cps sources.
RMS Level = 13Z my max.

LBE CF KBE

Horizontal: 5 sec/cm Vertical: 2. 5% FEW/cm

Search Channel: CBW Channel 6, 56. 0 kc *2 kc, DR = 2
All Other Channels: MI = 2

FIGUREn1-3. 3-60
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX USING

EMR 246A TRANSMITTER; EFFECTS OF 1. 0 MC IF BANDWIDTH AND
SEPARATE 100 CPS SOURCES; CEW CHANNEL 6
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Error Due to Receiver Noise:
Search Channel Only Turned On
RMS Level = 72 mv max.

Effect of a Reduced Number of
Channels: EMR 246A and 500 kc
IF Neme-Clarke 1455A with only

16 lower frequency V CO's
individually modulated at 100 cpa
RMS Level =60 mv max.

Effect of Reduced Transmitter
Deviation: EMR 246A and 500 kc
IF Nems-Clarke with tranemitte:
drive reduced by half; all 21
channels individually modulated
at 100 cps
RMS Level = 144 z iv max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 5% FBW/cm

Search Channel: CBW Channel 6, 56. 0 kc *2 kc, DR = 2
All Other Channels: MI = 2

FIGURE 11-3. 3-61
INTERMODULATION TEST: CONSTANT BANDWIDTH MULTIPLEX USING

EMR 246A TRANSMITTER; EFFECTS OF A REDUCED NUMBER OF
CHANNELS AND REDUCED TRANSMITTER DRIVE; CBW CHANNEL 6
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Channel 1, 0. 40 kc *7. 5%f

RMS Level =6. 1 my max.

Channel 2, 0. 56 kc *7. 5%f

RMS Level =6. 2 my max.

Channel 3, 0. 73 kc *7. 5%y

RMS Level =15 my max.

LBE CFHBE

Ho~rizontal: 5 sec/cm Vertical: 0. 5% FBW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,
whichever is larger.

FIGURE II-3. 3 -62
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR = 5; FBW CHANNELS t. 2, and 3
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Channel 4, 0. 96 -itc *7.. 547

RMS Level 9 mv max.

Channel 5, 1. 30 kc *7. 5%

RMS Level =12 my max.

Channel 6, 1. 70 kc *7. 5%

RMS Level I 11 my max,

LEE CF HBE

Horizontal: 5 sec/cm, Vertical: 0. 5%Y FEW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,
whichever is larger.

FIGURE 11- 3. 3 -6 3
INTERMODU LATION TEST: COMBINATIONAL BANDWIDTH MUL'flPLEX;

SEARCH CHANNEL DR: 5; PEW CHANNELS 4, 5, and 6
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Channel 7. 2. 30 kc *7. 5%1

RMS Level =6. 5 my max.

Channel 8, 3. 00 Icc *7. 5%1

RMS Level =9 my max.

Channel 9, 3. 90 Icc *7. 5%

RMS Level = 8 my max.

Horizontal- 5 sec/cm Vertical: 0. 5% FEW/cm

Channels deviated at one-tenth n ominal cutoff frequency or 5 cp's,
whichever is larger.

FIGURE 11 -3. 3 -64
INTERMODIJLATION TEST: COMBINATIONAL BANDWIDTH MULZ'IPLEX;

SEARCH CHANNEL DR = 5; PEW CHANNEJ S 7, 8, and 9
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Channel 10, 5. 40.kc *7. 5%1

RMS Level -10 my -nax.

Channel 11, 7. 35 kc *7. 5%/

RMS Level =8. 5 my max.

LEE CF HBE

Horizontal: 5 sec/cm Vertical: 0. 5%1 FBW/cm

Channels deviated at one-tenth nominal cutoff frequency or, 5 cps,
whichever is larger.

FIGU.IE 11-3. 3-65
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR =5; PEW CHANNELS 10 and 11
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Channel 1, 16. 0 kc *2 kc

RMS Level =125 my max.

Channel 2, 24. 0 kc *2 kc

RMS Level 130 my max.

Channel 3, 32. 0 kc *2 kc

RMS Level =132 my max.I

LBE CF B

Horizontal: 5 sec/cm Vertical: 2. 5% FEW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,

whichever is larger.

FIGURE 11-3. 3-66
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR =2; CBW CHANNELS 1, 2. and 3
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Channel 4, 40. 0 kc *2 kc

Oh RMS Level = 130 mv max.

Channel 5, 48. 0 kc *2 kc

RMS Level = 114 mv max.

Channel 6, 56. 0 kc *2 kc

RMS Level = 175 mv max.

LBE C]1 HBE

Horizontal: 5 sec/cm Vertical: 2. 5% FBW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,
whichever is larger.

FIGURE 11- 3.3-67
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR = 2; CBW CHANNELS 4,5, and 6

-199-



Channel 7, 64. 0 kc *2 kc

RMS Level =97 my max.

Channel 8, 72. 0 kc *2 kc

RMS Level =94 my max.

Channel 9, 80. 0 kc *2 kc

661 RMS Level =100 myv max.

LBE 6 B

Horizontal: 5 sec/cm Vertical: 2. 5% FBW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps.

whichever is larger.

FIGURE 11-3. 3-68
INTERMODULATION TEST: COMBINATIONAL BANDWLDT14 MULTlILE .X

SEARCH CHANNEL DR = 2; CBW CHANNELS 7, 8, anti 9
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Channel 10, 88. 0 kc *2 kc

RMS Level -100 mv max.

Channel 11, 96. 0 kc *2 kc

RMS Level =102 mv max.

f Channel 12, 104. 0 kc *2 kc

RMS Level =102 mv max.

LBE CF IHBE

Horizontal: 5 sec/cm Vertical: 2. 50% FBW/cm

[ Channels deviated at'one-tenth nominal cutoff froquency or 5 cps,
whichever is larger.

FIGURE 11- 3. 3-69
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR a 2; C3W CHANNELAS 10, 11, and 12
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Channel 13,112. 0 kc *2 kc

RMS Level =92 my max.

Channel 14, 120. 0 kc *2 kc

RMS Level =102 my max.

Channel 15, 128. 0 kc *2 kc

RMS Level =95 my max.

LECF HBE

Horizontal:, 5 sec/cm Vertical: 2. 5% FEW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps.
whichw er is larger.

FIGURE 11-3.3-70
INTERMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR = 2; CEW CHANNELS 13,14 and 15



Channel 16, 136. 0 kc *2 kc

RMS Level =102 my max.

Channel 17, 144. 0 kc *2 kc

RMS Level 104 my max.

Channel 18, 152. 0 kc *2 kc

RMS Level =100 my max.

Hc~rizontal: 5 sec/cm Vertical: 2. 5%6 FBW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,
whichever is larger.

FIGURE 11-3. 3-71
INTLRMODULATION TEST: COMBINATIONAL BANDWIDTH MULTIPLEX;

SEARCH CHANNEL DR = 2; CBW CHANNELS 16, 17, and 18
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Channel 19, 160. 0 kc *2 kc

RMS Level I 115 my max.

Channel 20. 168. 0 kc *2 kc

RMS. Level =109 my max.

Channel 21, 176. 0 Icc *2 kc

RMS Level = 10 my max.

LBE CF HBE

Horizontal: 5 sec/cm Vertical: 2. 5%f FEW/cm

Channels deviated at one-tenth nominal cutoff frequency or 5 cps,
whichever is larger.-

FIGURE n-3.3-72
INTERMODULATION TEST: COMATIONAL BANDWIDTH MULTIPLEX

SEARCH CHANNEL DR 2; CBW CHANNELS 19, 20, and 2t
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Channel 11, 7. 35 kc *7. 501
DR =5
RMS Level =9.4 niv max.
Vertical =0. 5%1 FBW/c-n

Channel 12, 10. 5 kc *7.5%61
DR =5
RMS Level -7. 0 my max.
Vertical =0. 5%1 FEW/cm

Channell1, 16.O0kc *2kc
DR= 2
P.MS Level = 155S my' max.
Vertical =2. 5%' FEW/cm,

Horizontal: 5 sec/cm Vertical: as specified

FIGURE 11-3. 3-73
INTERMODULATION TEST: INSERTION OF 10.5S KC *7. 5%.,

PBW CHANNEL 12, INTO COMBINATIONAL BANDWIDTH MULTIPLEX;
PBW CHANNELS It and 12 and CEW CHANNEL 1
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3.4 SYSTEM SIGNAL-TO-NOISE TEST

3.4.1 General

The system signal-to-noise test consists of selecting particular receiver IF
carrier-to-noise ratios and determining the subcarrier discriminator output
signal-to-noise ratio. The test is accomplished with the pre-emphasis ant:
transmitter deviation selected in the respective system test. The IF signal-
to-noise level is determined by monitoring the IF at the predetection recording
output. With an unmodulated rf carrier input and the AGC externally held con-
stant, the IF signal level is measured and then the noise is measured with the
input carrier signal turned off.

During the initial system test, it was found that the IF output noise was a func-
tion of input signal level with the AGC voltage externally held at a constant value.
Through the experiment it was determined that the IF amplifiers tended to saturate
on large input signals thus suppressing the noise. The level that significant sat-
uration took place was found to depend on the AGC voltage. With an AGC level
of -4 volts, saturation was found to occur with IF output signal levels in excess
of -17 dbm into 600 ohrms or 110 mv rms. The manufacturerA specification on
tho predetection output level is 1. Ov p-p or 350 mv rms. Thus. some saturation
occurs at the specified level. In any event the maximum IF output signal should
not exceed -1 7 dbm.

To obtain the desireu I F signal-to-noise ratio, the noise is held constant and the
input signal level adjusted. The test is made at IF signal-to-noise ratios of 4,
9, and 14 db. For the low signal-to-noise cases, the measurement of signal is
difficult with an rms meter since both signal and noise are measured, i.e., the
noise cannot be turned off. To provide accurate signal measurements, a fre-
quency selective voltmeter is used to measure the signal level. Since the band-
width of the frequency selective voltmeter is very narrow compared to the IF
bandwidth, the signal level can be measured without the attendent noise back-
ground. For reference and to determine if saturation is occuring in the IF, the
frequency selective voltmeter is tuned to 4. 9 mc and the noise level noted with
and without the rf carrier on. The block diagram for the test is shown in Fig-
ure 1-3.4-1.

3. 4. 2 Detailed Procedure

a. Calibrate all VCOs.

b. Deviate all VCOs to FBW at f . where fm is the maximum modulat-
ing frequeucy for the particular deviation ratio.

c. Set receiver AGC voltage to -4 volts dc.
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d. Set IF signal-to-noise ratio to 4, 9. and 14 db. Check SIN with both
Sierra frequency selective voltmeter and Fluke rms meter.

e. Determine discriminator input signal-to-noise ratio by measuring the
S/N ratio at the BPIF output. Measure signal with the search channel unmodu-
lated. Measure the noise with all VCOs except the search channel operating in
the multiplex and deviating FBW.

f. Measure discriminator output noise with the search channel at cen-
ter frequency and low bandedge.

g. Modulate the search channel FBW atifh, and null output with compari-
son signal. Measure rms level of null voltage. Also measure full scale modu-
lating signal at nuiling point.

h. With only the search channel in the multiplex, repeat f. and g., above.

3.4. 3 Results

Detailed conditions and actual measured data are contained in this volume in
tables beginning with I. Summarizations of the data are contained in Volume I
and have table or figure numbers beginning with I.

3.4. 3. i IRIG Baseband

The IRIG baseband, channels I through 18, was evaluated for signal-to-noise
performance under the following conditions:

Test channels: 70 kc *7. 57; 3 kc *7. 5%

Multiplex level: 1.0 volt rms

AGC voltage: -4 volts dc

Deviation ratio: 5

LPOF: Constant amplitude, 18 db/octave, nominal cutoff fre-
quency for DR = 5

The results of the signal-to-noise test are shown in Table 11-3.4-2 and sum-
marized in Table 1-3. 5-2, Volume I. For each IF signal-to-noise ratio, the
search-channel output noise is measured for two multiplex conditions and three
deviation conditions. The two multiplex conditions are full multiplex and
search channels only. The latter condition eliminates intermodulation noise.
The three cases of search channel deviation include: center frequency, low
bandedge, and FBW modulation at the maximum channel rate for the particular
deviation ratio.
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3. 4. 3. 2 IRIG Baseband--Wideband Channel

The IRIG base band with a wideband (*15%) channel in the highest frequency posi-
tion was evaluated under the following conditions:

Test channels: 70 kc *15%; 3 kc *7.5%

Multiplex level: 1.0 volt ms

AGC voltage: -4 volts dc

Deviation ratio: 5

LPOF: Constant amplitude, 18 db/octave, nominal fc for DR = 5

The results are shown in Table U-3. 4-3 and summarized in Volume 1, Table
I-3. 5-3. Pages 4 and 5 of Table 11-3. 4-3 are data that was taken at a later
date for recheck and additional data.

3. 4. 3. 3 1RIG Baseband--Deviation Ratio of I and 2

The IRIG baseband, channels I through 18, were operated at deviation ratios of
I and 2 and the signal-to-rtoise performance de.ermined under the following con-
ditions"

Test channels: 70.0 kc *7. 5%; 22.0 kc *7. 5%; 7. 35 kc *7.5%;
3. 0 kc *7. 5%; 960 cps *7. 5%

Multiplex level: 1. 0 volt rms

Devia~tion ratio: I or 2

AGC: -4 volts dc

LPOF: Constant amplitude, nominal cutoff frequency for the
particular deviation ratio for DR = 1, 18 db/octave.

The resulth for DR = I are shown in Table 11-3.4-4 and the results for DR : 2
are shown in Table 11-3. 4-5. The results for both deviation ratios are summar-
ized in Table 1-3. 5-4 of Volume I.

3.4.3.4 Expanded Proportional-Bandwidth Baseband

The expanded baseb1nd, channels I through 21, was evaluated for signa.1-to-
noise performance under the following conditions:
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Test channels: 165 kc E7. 5%; 124 kc *7. 5%; 93 kc *7. 5%;
70 kc *7. 5%; 3 kc *7. 5%

Multiplex level: 750 mv rms

Deviation ratio: 5

AGC voltage: -4 volts €ic

LPOF: Constant amplitude 18 db/ocave, nominal cutoff ire-
quency for DR = 5

The results of the signal-to-noise tebc are shown in Table 11-3. 4-6. The results
are summarized in Table 1-3. 5-5. Page 5 of Table 11-3. 4-6 was additicnal data
taken for recheck and verification at a later date than the original data.

3.4. 3. 5 Expanded Proportional-Bandwidth Baseband--Wideband Channel

The expanded baseband, channels I through 19 and wideband channel H, was
evaluated for signal-to-noise performance under the following conditions:

Test channels: 165 kc *15%; 93 kc *7. 5%; 70 kc *7. 5%;
3 kc *7. 5%

Multiplex level: 630 niv rms

Deviation ratio: 5

AGC voltage: -4 volts dc

LPOF: Constant amplitude, 18 db/octave, nominal cutoff
frequency for DR - 5

The results are shown in Table 11-3. 4-7 and summarized in Table 1-3. 5-6.
The data shown on page 5 of Table 11-3.4-7 was taken at a later date for re-
check and for addition-al data.

3.4. 3.6 Constant-Bandwidth Baseband

The constant-bandwidth baseband, channels I through 21, was evaluated under
the following c.iaditions:

Test channels: 56 kc *2 kc; 88 kc *2 kc; 120 kc *2 kc; 160 kc *2 kc

Multiplex level: 360 my rms
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Deviation ratio: 2, also 4 and I on the 120 kc *2 kc channel only

AGC voltage: -4 volts dc

LPOF: Constant amplitude, 42 db/octave, nominal cutoff fre-
quency for specified deviation ratio.

The results are shown in Table U-3.4-8 and summarized in Tablas 1-3. 5-8 and
1-3.5-9.

3.4. 3. 7 Combinational-Bandwidth Baseband

The combinational-bandwidth baseband, IR.IG channels i through 11 and constant-
bandwidth channels 1 through 21, was evaluated under the following conditions:

Test channels: 3 kc *7. 5%; 56 kc *2 kc; 88 kc *2 kc; 120 kc *2 kc;
160 kc *2 kc.

Multiplex level: Total; 635 mv rms; LIRG channels; 210 my rms,
and CBW channels; 600 mv rms.

Deviation ratio: 2 on the constant-bandwidth channels and 5 on
the IRIG channels

AGC voltage: -4 volts dc

LPOF: Constant amplitude. 42 db/octave for CBW channels and
18 db/octave for IRIG channels, nominal cutoff frequency for spe-
cified deviation ratio.

The results are shown in Table 11-3. 5-10 and summarized in Table 1-3. 5-11.
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TABLE 11-3.4-2
SIGNAL-TO-NOISE TEST DATA

System Description: f4. 1 OY J/ / ;i ir 'eA~ ',
IF Signal-To-Noise Ratio: 2 eS. Receiver AGC Voltage: "Y. ...-

Discriminator Full Scale Output: fo 0.1 A V 9

Sierra: Signal: -.- Fluke: Signal + Nois.:- 2.2

Noise:_-- . c Noise: -0.S'jk ,

Discriminatcr Channl: Zs , 7o ,

BPIF: Signal: -iA Noise: -7,. Jb
Full Scale Modulation At Summing Point: g!

Output Noise:

Full Multiplex- CF: 6_______ ____

LB: 7.-
Modulated:

Search Channel Only:

CF_:

•,~~~ ~ B L E.I _,, -

Discriminator Channel: 3OK
BPIF: Signal:_,,-______ Noise: - a -.
Full Scale Mcdulation At Summing Point: . "I .

Output Noise:

Full, Multiplex: CF: /. 9,
• LBE: ' ...

Modulated:. -

Search Channel Only:
CF: l'

CT: 7.2n

Modulat d I. 9 .

-212-Date " "Natl 4-
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TABLE 11-3.4-2 (CONTID.)
SIGNALoTO-NOISL TEST DATAr System Description: 5t-C-CL /8d,_ / 2/ a~~i,,D~

IF Signal-To-Noise Ratio:. Receiver AGC Voltage:j# ._

Discriminator Full Scale Output:_ P P /A0,;,t, C( . i. ,a

Sierra: Signal: . ), Fluke: Signal + Noise: - SI1..I-
No i e: Noise: ~Oa~

Dlcriminator Channe:*/ , 70 Arc . .........

lU'1F: Sinl No ise:___________________________

Full Scale Modulation At Summing Point: _ _,,5._L__j__NMI

Output Noise:

Full Mliltip.ex: CF: / q L, ,.f.
LBE: , .

SearcI. Channel Onlv:

'I 3r:
LI.E: ?,slop_________

.4 !ulated.:- L,- (L 2(~fPs
Discriminator Channel: a . . ,'

,p4ly: Signal:-, Noise:_-___,__d___ -___,

Full Scale M rodulation At Summ ing Point: , ________ ,,_____._...... ._,

Output Noise:

Full Multipilx: CF: _26 o ..av..
l LB E: ). 3 ,,.. ... .....

Modulated: . l iPl/# ,

I Search Channql Only: 7 ii?

CF:_____________ _

LBE: Qr v Ins

Modulated: 9'50wvJyui . .

Da te5-
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TABLE U-3.4-2 (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System, T)e script o:_6 &nC/4 4hng-d MLV.&

IF Signal-To-Noise Ratio: /6_di Receiver AGC Volta#*.-

Discriminator Full Scale Output:/

Sierra: Signal: ___l___:____________is: Signl "

Noise: - Noise: W U
Discriminator Channel:* 70 IC

BPIF: Signal: -"Noise: -
Full Scale Modulation At Summing Point: 2!
Output Noise:

Full Multiplex: CF: // 1 ,,,s

v Modulated:

Search Channel Onlyv:

CF: g -ys ,

LB E:_ _ _ _ _ __ _ _ _ _

Modulated- d J't

Discriminator Channel:Q 3 KC.

BPIF: Signal: Noise:___

Full Scale Modulation At Summing Point:_ _ _ _ _ _

Output Noise:

Full Multiplex: CF: /70j"*$ S
LBE: / Oiw ...

Modulated: v.,,,vpm..,

Search Channel Only:

CF:_________________

LBE: //.aavgs,,
Modulatedt .5)i lwran

Date.... N m
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) TABLE LI-3.4-Z (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System Dlescription: '&'4Jvi~J V
IF Signal-To-Nose. Ratio: Receiver AGC Voltaget . j .

Discriminator Full Scale Output: U- r-i,// 140 !. P I 4o'- 4a, ,

Sierra: Siqna4: - Flukie: Signal +4ose

No i ae: Nrive:ot -3 30 A'/
Discriminator Chnnt'r:* - 70 k' C

BPlF: Signal--3" Noise:- '7. 4
Full Scale Modulation At Summing Point: a?. 'hi. .

Output Noise:

Full Multiplex: CF:____ ____ _____

Modulated: o_____'_t__t

Search Channel Only:

LflE:____________ __

Modulated: C23 M /kt
Discriminator Channel: .. 3

BPIF: Signal:_-/~i.'%Nie 1.~)
Fult Scale Modulation At Summing Point: . 'C

Output Noise:

Full Multiplex: CF:______ , _____________
L.BE:-

Modulated: d2/ zvjy i

Search Channel Only:
CF: " tv

LBE:

Modulatedi ii

/ Date ,--
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TABLE U-3.4-2 (CONT'D.)

SIGNAL-TO-NOISE TEST DATA

fstem Description: d 1-4 P /,4& =h, *-.S

Signal-To-Noise Ratio:-..1 .. Receiver AGC Voltage:

iscriminator Full Scale Output: j Q9A4Jp -J f. 2 #4v
erra: Signal: -/6, -J!, Fluke: Signal + Noise:. A. .d.

Noise:_ - Nois: 3Ow
iscriminator Channel:

BPIF: Signal: -- Noise: - 0

Full Scale Modulation At Summing Point: 4, AFr"mi .

Output Noise:

Full Multiplex: CF: o(s *,. ...

LBE: .2p-jy ..
Modulated: /60

Search Channel Onl-y:

LBE: .;2/ .. . ..

Modulated: /5. .

scriminator Channel:.

BPIF: Signa: L Noise: .......

Full Scale Modulation At Summing Point: ' iyLq

Output Noise:

Full Multiplex: CF: .

LBE: /vriyi

Modulated:' , -

Search Channel Only:

CF: O.. . .

Modulated. OvJ..¢

0Datej Nam&)

opI|

D.-24,16- ",-



TABLE 11-3. 4-3
SICNAL-TO- NOISE TEST DATA

Systemr Dt.crptnvvJ i-~ A ZI-/a 71 levoj
IY Signal- i',-Nuiso Ratio: d Receiver AGCVotg: 4

lDjmrrjinz,tir Full S alr Outpt~t: /0 CJPP
Sierra: Si;:nal. -,2 8. luir: Sictiid + Noise: -o2 _6._____1

Nf*' se: -l l Noais e: 0 db
DicrmnriitrChaIil:~ Jk 'Elz*r 0

Full Scale MocdaIti',n At S'iimning P-oint:3*

Oiitput Nu...u:

Full IM11tiplex: (1 : 2 70 wv new
LJPE:_____p_____m____VMS__I

M . t111 Ated: 701 w, 1wh

Search (ihatmenl On).

D~iscriminator Chanel: -30~ t' 5

1ull Sca 14 Moldil.dtimsi At S'aviarnin':. Poiu!:

Output Nui se:

Fuxll Multiplex: CY: 45 0)
LBE:__________________

St-arch Chamniel Only:

7-e,4 013o) se.fov. C Y:_____________________

4 /0 /k~eel/4 'c Yeco- lej LlBE: I~v
c..eT J/ 4 Modulated: 1. 7V"w'

tC/ 4... U& LC/LAIC -reC.

DateJ Na1e__________&M
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TABLE 11-3.4-3 (CONT'D.)
SIG NA L- TO- NOISE TEST DATA

!tin Dtescriptin CArtiie/ -/d7 VIyrdwtJ ,( V2:5.6
Signal-TIo-NojuQ Ratio: Rece~iver A(C Vlae: 0Ue

icriminat,,r Full Scale' Oa'p,&t /0 UP

rra: Sinal:.2~. Fluke: Signal + Nie-:

Noise: N :- 3.
,riinatur Channel:70- RC LS"/j

PPIF: Signal: _-t.k Noia.: ,"-L l d M /.

Full Scale Mo6tilation At Summing Point: I .

Ouitput Nuis.::

Full MkiltAilex: CI : ' 1&J,....lL

._~ ~~~11 LIE:" Tllyl,.

ModJulatd:________________

Search Channel Oi...

CT: A0?1d.m
LS E: 3 ivt

Modulated: r' "V , j@I

criminator Channel: 3. 0 A 3rc t

IiPIF: Signal: ,.23.3 Noi se:_ -- / og , - ?. .
FYxll Scaic Modulation At Summing Point: 39 t U t

Output Noise:

Full Multiplex: CF: t , Aqt 2

L3E:

Modulated: _ 50_____ _ _ W, I

Search Channel Only:

~k d 1 3  'Set {O-t CY: /gl, ,

6" o,. /..... L.B.E:_ _ _

'-.wdrj uihrWIe Modulated: 1*4 V,

Date/.-/3 tn -,
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TABLE 11-3.4-3 (CONT'D.)

S I, NA L. 0IC)- NOIS E T F.S DAr.

3 IF11- Signil- I aig. coe ~ A~~:-'<6

Discriminator I tdl St .41v Oitpit: ,i1 pP _________

Sierra- Signi1dk.. Fluke: Si na I Niiisv

NoNosxv:3 D1,critninatur Chainvl- I4.7 0 k.
1111Pl Sign .1i , No j s .mm A3 Fili Scale .Mo4itilaian At S,:i:itning Poaint- j i'

3- till Mkljtlp~ex: C(1 ______v___. A

Modillaid: J7~~

Se*arch Chaitnel On),

IiscrimiiaIt,r Chanl 17

I nil. Se(.l Modtildtjon At S-mming Puir!- .3T 6 ~.'

5 ('Iitput Noise-:

Ftill Multiplex: CF: 7, _5 Y-

Modulated: 2 Y11 Urw.'s
5e Sa rch CThane'nl Only:

.~Q. 9CiI~% 5 /&~ert.- Modu~late'd: 1

3 f&~yt a .~o C.ec AA

Date /-'/3-4, amI -Z19



TABLE 11-3.4-3 (CONT'D.)
SIGNAL-FrO-NOISE TEST DATA

System Description: r.-2, 4 o/ YYIlk)

, IF Signal-to-Noise Ratio s AGC Voltagee,, .

Channel No. c Channel 1 requenc Zd 6 ' " .
BPIF: Signal Q: j Noise- Full Mult. 7jZJ& Search Ch. Only -A'7.(J d
Deviation Ratio ............ ..... A. . .. . ....

LPOF Cutoff Frequency ... ........ 2/o , dW .6
Full Bandwidth Voltage .......... _______ +_________
Output Noise: Full Multipl-_-x.../ ., , -.3. .dJ.

Search Channel Only . . . . I f -33. Sd. .

Channel No. Channel Frequency / )c . s

BPIF: Signal .0, I SS Noise: Full Mult..gq.g dkSvarih Ch. Onilv___
Deviation Ratio . . ... .. . .... . . . . ...... ....

LPOF Cutoff Freqaen y.... . . ... d t b
Full Bandwidth Voltag( . ...... ........ P...
Output Niis.: Full Multiplex .......... 2 4ftv .v t . -0

Se.arch Channel Only. . .

Channel No. Channel reque,,c L  /). cb
i; BPIF*: Signal-0, ] Noise': FolII Mult.-21,j dASv.arch Ch. Cnly-2__,

Deviation Ratio ........... ........ . .-.
LPOF Cutoff Fr,. ue'n .. . .. _._._.. m210__ *- PS

Full Bandwidth Voltag.. . . . •/0 . . ."'.. db
Output Noise: Full Multipl'x....... ., d.

Search Channel Only . . . ..3 . 2

Channel No. , Channel Frequency 9Cf o 'c % -(VA- Z
BPIF: Signal O.? di Nuitv Full Mdt. Search Ch. Onl.-j .
Deviation Ratio ... ............ _

EPOF Cutoff Frqtienc ............ .. 00, C 10 .
Full Bandwidth Voltage ........ . /0 OJP Alsey/ d4
Output Noise: Full Multiplex ...... .'(J 1Ayq -2, -q

Search Channel Only - , . . .- ,

Channel No. Channel Yrt.quency 7.(s -S

BPIF: Signal- 2,1 d Noise: Full Mult.-&J9.9 41-Search Ch. Only-/6 d4
Deviation Ratio ................. ...........

LPOF Cutoff Frequency .......... 1.0 $

Full Bandwidth Voltage . . . . . . . . /0 t1) 7+$
Output Noise: Full Multiplex. . . . . . . //7m. "/4T.1

Searth Channel Only •7- &,/1,,,- ,
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TABLE 11-3.4-3 (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System Description: , h1(/ - "
IF Signal-to-Noise Ratio 4. AGC Voltage ,Y.0 e

Channel No. Channel Frequency 70 tc ± - 7o.
BPIF: Signal- "4___ Noise: Full Mult. - , dkSearch Ch. Only.-) . 1 /i
Deviation Ratio .-.-... ............
LPOF Cutoff Frequency .. . ...... . .. ./ . .. . . .....

Full Bandwidth Voltage ......... .. ./ 0 j pp' 3, q 1
Output Noise: Full Multiplex ....... .C ,

Search Channel Only. . . . , -. 0

Channel No. Channel Frequency
BPIF: Signal Noise: Full Mult. Search Ch. Only
Deviation Ratio. . ...........
LPOF Cutoff Frequency . .. . ... . ._._.
Full Bandwidth Voltage . .. ...... .....
Output Noise: Full Multiplex . ......

Starch Channel Only . . ._.

Channel No. Channel Frequency_ ___
BPIF: Signal _ Noise: Full Mult. Search Ch. Only
Deviation Ratio ...... .............
LPOF Cutoff Frequency.... .. .. .. ...................
Full Bandwidth Voltage ... ......
Output Noiae: Full Multiplex ... ...

Search Channel Only . . ._.

Channel No. Channel Frequency
BPIF: Signal Noise: Full Mult. Search Ch. Only_
Deviation Ratio ..... ..............
LPOF Cutoff Frequency ........ ....
Full Bandwidth Voltage . . .. . . I ... _.
Output Noise: *Full Multiplex .......

Search Channel Only . ._._.

Channel No._ Channel Frequency_
BPIF: Signal .' Noise: Full Mult. Search Ch. Only_
Deviation Ratio. . . . . . . . . .
LPOF Cutoff Frequency . . . . . . . . .__
Full Ba.dwidth Voltage . * . ,__
Output Noise: Full Multiplex. . .....

Search Channel Only ... ,

-221-
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TABLE 3.4-4
SIGNAL-TO-NOISE TEST DATA

System Description: GV..W \1 3 ,T L
[F Signal-to-Noise Ratio aQ _______ AUC Voltage_-

Channel No. ~ Channel Frequency 7&* -76 
BPIF: Signal ~*~ Noise: Full Mult. Search Ch. Only -/ .c

Deviation Ratio. .. ...... . . . . .____________

LPOF Cutoff Frequency .. . ...........
Full Bandwidth Voltage .................

Output Noise: Full Multiplex. . . ,

Search Channel Only.... 3 I) a/

.hannel No. ______Channel Frequency_ 2 2Aec 17 Y

BPIF: Signal -/Sc Noise: Full Mult.-/7j; ',0 Search Ch. 0nly/,,.A
Deviation Ratio. .o......... ... /I.

LPOF Cutoff Frequency . . . . . . o . . ,, c .7*

Full Bandwidth Voltage . .... .. .. ....

Output Noise: Full Multiplex. ...

Search Channel Only. k" v,_____________

'hannel No.' / Channel Frequency 7,3 5"X- 7. S5
EPIF: Signal -/g~ Noise: Full Mult. -25bSearch Ch. Only: Qg-
Deviation Ratio .. .......... o___o___o___.

LPDF Cutoff Frequency. .. .......
Full Bandwidth Voltage ...... . . . V -

Output Noise: Full Multiplex.........................
Search Channel Only. .

:hannel No. 2Channel Frequency7oS W
BPIF: Signal;? ~Noise: Full Mult.-;?6 -5 Search, Ch. Onl-
Deviation Ratio...... . . . . .

LPOF Cutoff Frequency . . ...... 22c z
Full 1 Bandwidth Voltage . ........

Output Noise: Full Multiplex . . . . . a;y -
Search Channel Only. . m

'hannel No. jChannel Frequency
BPIF: Signal Op Za4Noice: Full Mult.-Z,5V Search Ch. Onyj
Deviation Ratio.. *.... ________________

LEPOF Cutoff Frequency . . . . . . C _________

Full Bandwidth Voltage . . . * & .

Output Noise: Full Multiplex . . . . . "k
Search Channel Only. I& .WO P" v

-2z2-
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FIGURE 11-3.4-4 CONTiD.)
SINAL-TO-NOISE 'I LST DATA

Sytern Description:
IF Signal-to-Noise Ratio, H8 I AGC Voltage - 9.- OV d ."

Channel No. is_ Channel F.'rtqu ncv 70k. * . _ _

BPIF: Signal --9.3J6 Noise: Full Mult. -j-7.'IJb Search Ch. Orly -/,,
Deviation Ratio ... ............. *

LPOF Cutoff F re n.qu ntV ............. . . ,

Full Bardwidth Voltage .K.a -.........
Output Noise: FItll Multiplex .......... IAb W K

Search Channel Only . . . . I ,vtv

Channel No. 19 Channol FrVqency :2k, tk-
BPIF: Signal -I 4 _ N-ilS . Full NMult..-'2O .5d!. Search 4h. Onl% -

D tviation R atio . .. . .... .......

LPOF Cutoff Frepun..o. ........ . .. ...... '

Full Bandwidth Voltage .... ......... Vp-
Output Nise: Full Multiplex .____._ _ ._._A y

Scarch Chaicul Onlb. . . ... 2~

Channel No.JJ Chann.l FrVquency 7.5J.-t2 "
fBP F: S -gna l -- ~j , .N ,s , F ull M ult.-; 5 ", 7  Search C h. O nly . - .f
D)v\ iation Rht:o ..... ............. /
LP O F ( utoif F r,.t ( :. y . . ._._.-./._.'._.

F iill Bandw idth '.olta t ._._._._._._. . .

Output Nois : Fiil Multiplex. . .. ........
Scarch 'A-annel Only . . . •J . ,V..

Chan,.1I No. Channel Ir q,,t ty c - 'S Z
~iF: S nal_--_.. - Nu is : Full M ult. -- 4_ d Starch ('h. O nlv___

1)os. iation Ratio. ..... ............. .
LPOF Cut,,ff Yrt,(jut,:z . . . . . . ...... . .2.._-_ _ _ _

Ful Baridw~dth ,lta,.t. . . .... . . .. )ls ,,31 A' -

Output Noise: Full Multiplt-x.
Search Channel Only. . . " I70 fr V

Channel No. __ Channel Frequency A10 ±ZS
BPIF: Signal - '7,051 No; so- Full Mult. ' Search Ch. Only- 39~d
D,.\ iation Patio . .. ..... .. .

LPOF Cutoff Frequvncv ... .......
Full Bandw idth Voltage . . ._.. . . - _,,..__-,

Output Noise: Full Multiplex. . . ... 2 __ _ _ __v,

Search Channel Onl,. • •

-223-
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FIGURE 11-3.4-4 (CONT'D.)
SIGNAL-TO- NOISE TEST DATA

System Description: CIO&jIVIe TBLUj
IF Signal-to-Noise Ratio _ _ __ _ AGC Voltage --. OV 4

Channel No. / Channel Frequency 7Ok, ± 7 5Z
BP[F: Signal_-,7dh Noise: Full Mult.- 4 Search Ch. Only /

Deviation Ratio .................. /.
LPOF C utoff Frequency .. ........ 4Z
Full Bandwidth Voltage _. . ._._._.__20
Output Noise: Full Multiplex . . . .

Search Channel Only . . . .______ ______ ____

Channel No. 1Y Channel Frequency ;:2k 'k:t 7, 5'Jg
!IPIF: Signal--T Noise: Full Mult. 77Lf Search Ch. Only-

Deviation Ratio ................
LPOF Cutoff Frequency .. ......... _________________r________

Full Bandwidth Voltage.. . ... ....
Output Noise: Full Multiplex. ...... . ....

Search Channel Only. . . .! Iv'

Channel No. Channel Frequency 7.?5-ke .
PPIF: Signal f Noise: Full Mult. 0d Search Ch. Onlyj -!
Deviation Ratio ........ ..... /

LPOF Cutoff Frea';ency . . . . . . . .__S

Full Bandwidth Voltage ._._.__._.__._._2_e;_____

Output Noise: Full Multiplex .____. . .5"__-_

Search Channel Only. . . ._ __-_ __.. ...... .

Channel No. P Channel Frequency 3, Iit 7,57Z
BPIF: Sigzial -2Ld Noise: Full Mult.-j.4Z Search Ch. olv-.5_/m.6 _

Deviation Ratio ... ..............
LPOF Cutoff Frequency .......... . . . . . .

Full Bandwidth Voltage .... .... .

Output Noise: Full Multiplex. . .... .. . . . . .
Search Channel Only . . . .__

Channel No. 3 Channel Frequency 94cjdts t 7
BPIF: Signal -.27p0j4 Noise: Full Mult.- .'KSearch Ch. Ody 7$.J
Deviation Ratio ....... . . . . .

LPOF Cutoff Frequency .. . . . . . r. JOT

Full Bandwidth Voltage . . . . . . . . .. 4.

Output Noise: Full Multiplex. . . . . . . 3 .-1
Search Channel Only . ... . . ,#'

-224-
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FIGURE H1-3. 4-4 (CONT'D.)
SlCNAL-['O-NOISE TEST DATA

r System Descriptm-wC n(.XV--%4 - iS
IF Signal-to-Noise Ratio_ _ _ d_ _ AC Voltage_-9€i'l/d'e'r ChanniI No. _/? Channel Frecqueny 7 % ___

13P!F: Signal_-_?601 Noise: Full Mult. I Sear.. h ,%. Only
De'viation Ratio . . . . 0 . . 0. . .. . . ________________________

L.POF Cutuff Frequencv . . . . . . . . ."
Full Bardwidth Voltage . . . ...
Output Noise: Full Multiplex ........ v,

Search Channel Only . .. _ _ _ _ _ _ _ _ _ _V

CI .,n,,e No. __L_.. Channel Frequency R Itr1-i11f. S ,a - . Noise: Full Mult.-- St-arch Uh. Olv -z
I.PO. Cutoff rc iuvny ............. ........ 3
Voll flandwidth Voltage. .......... -f

iOutip t N,,i.,: Full Multiplex ._._._._.. . / /7 _Fr ~Sc.arc'h C hatn,.l Only . • . ./outs r

(C ,iiti I N o . / / C h a n n e l r e q-.t.., y.. , k -P" a
t3!1 ) 1 .: S.vinal 2  Noise: Full Mult.-. _ .Sarc h (1h. Onli..

l '\J ti l; Ratio . . . . . . . . . . . . .. /
I P01' Ci.tuft Frrilit-ticy . . . . . . . 7
liii! P-andwidth \oltagt ._._._. . . .

__Output No:st.: Full Muliipl,-x . .. ..... _,_ _

Si'arch Ci-annel Onlh-. . ... ______n

(hmiirc*I No. Jj Channel Frequency 3 kz + _____
PPiF:. SinlNie Full Mul.-9d, Sc-arch Ch.O~v*
Do%~ iat.-on Ratio .. ..............
LPOF Cu,,ff Fr,'q:'ncv.. ...... . . ._2
Full Baindw-dth Voltage .. ..........
Output Noise: Full Multiplex .... .. .

Search Channel Only . . . .__ _ _ _ _ _ _

Channel No. Channel Frequency 9')it _ ± -7
BPIF: Signa!. j Noise! Full Mult. zSearch Ch. Only.
Deviation Ratio ..... .. .... /
LPOF Cutoff Frequency . ....... __ s
Full Bandwidth Voltagq . . . .. . . . _ _ __2_ __,_ __Output Noise: Full Multiplex. . . . . . .__,_

Search Channel Only . •

-D25-



FIGURE U-3.4-5
SIGNAL-TO-NOISE TEST DATA

System Description: Ctlcek:J i l- T l)
IF Signal-to-Noise Ratio ;2 db AGC Voltage 41.a V/c .

Channel No. e7 Channel Frequency .. *c/t7

'i BPIF: Sgnalj- Noise: Full Mult. -17.741 Search Ch. Only
Deviation Ratio ... ..............
LPOF Cutoff Frequency ........... .2 . .2.
Full Bandwidth Voltage ......... .. .. ..

Output Noise: Full Multiplex .......
Search Channel Only. . . . V i

Channel No. Channel Frequency _22_____________
BPIF: Signal -J/. -J/ Noise: Full Mult.--/.c/i Search Ch. Onl'-.d/
Deviation Ratio ..... . .........
LPOF Cutoff Frequency. . . . . . . . e-

Full Bandwidth Voltage .... ......... 2-. . . . . .
Output Noise: Full Multiplex ........ ... g,)"o fm,

Search Channel Only. . .. ,V

Channel No. J Channel Frequency -, " 7. 5"P76
B-PIF: Signai .J Noise: Full Mult.-.?JS-a/6 Search Ch. Only-ZRadA
Deviation Ratio...............
LPOF Cutoff Frequency ....... ...... a
Full Bandwidth Voltage ._._._._._._._. ________

Output Noise: Full Multiplex ......... z
Search Channel Only . . . ._ __ _ _

Channel No. 2' Channel Frequency lk 6 .
BPIF: Signal .;23 "d6Noise: Fuli Mu.- . - Search Ch. Orly--?,-f
Deviation Ratio .. . . . . . .... _

LPOF Cutoff Frequency ......... '-
Full Bandwidth Voltage . . . . .. .. . . . . . .
Output Noise: Full Multiplex . . . . . ............ ....

Search Channel Only. , . _ _ _ _ _ _

Channel No. d1 Channel'Frequency .. d'$ -
BPF: Signalt Noise: Full Mult. S Search Ch. Only:3Z -

LPOF Cutoff Frequency .
Full Bandwidth Voltage . . . .

Output Noise: Full Multiplex . . . . . ... ... .
Search Channel Only . 01 , 0

N -DZ6-
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FIGURE 11-3.4-5 (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System Description: Ch,.W I"1
IF Signal-to-Noise Rat o iolb AGC Voltage - 44t. !

Channel No. /L Channel Frequency 7 / -Z- '
BPLF: Signal Noise: Full Mult.- 2_Search Ch. Onlyj
Deviation Ratio .... ............. ....
LPOF Cutoff Frequency .......... ___

Full Bandwidth Voltage . . . . . . . Vi-p
Output Noise: Full Multiplex ._._._._._._.____

Search Channel Only . .. __ _ _ _ _ __ _ _ _ _

Channel No.jIL Channel Frequency ?2 kc, 7,-5"
BPIF: Signal h. Noice: Full Mult. Search Ch. Only- .
Deviatiod Ratio ..... .............
LPOF Cutoff Frequency .... ......... .. . .
Full Bandwidth Voltage . . ...................

Output Noise: Full Multiplex ....... ............
Search Channel Only. . .. /5 nV

Charnel No. / Channel Frequency 7, 35-kr -7.S-
BPIF: Signal -1f,= / Noise: Full Mult.. jSearch Ch. Only
Deviation Ratio .•..............2
LPOF Cutoff Frequency ......... . . . . . .
Full Bandwidth Voltage .........
Output Noise: Full Multiplex ....... .-..

Search Channel Only . .. O ,nW

Channel No. Channel Frequency 2c tZS
BPIF: Signrl _ __ Noise: Full Mult.-j.0,db Search Ch. Only --J0
Deviation Ratio ..... ............. 2.

LPOF Cutoff Frequency ... ......... r- "os
Full Bandwidth Voltage ..... .... ,0 )V' Q
Output Noise: Full Multiplex. ..... AV

Search Channel Only. . . ._ _ _ _ _ _ _ _

Channel No. Channelrrequency )k0d;" t7-5"g
BPIF: Signal- Ocj Noise: Pull Mult. -3 Search Ch. Only-341.0j,

Deviation Ratio . .. . . . . . . . . ... 2
LPOF Cutoff Frequency . . . . . . . . . 3 ( I

Full Bandwidth Voltage . . . . . . .. .:2

Output Noise: Full Multiplex. . .... . .
Search Channel Only . .. _ _ _ _ _ _ _ _ _

Nam c //L/A Date



FIGURE U1-3.4-5 (CONTID.)

S!, NA L- 1'0- NOISE I Ls-r DATA

IF" Signa]-tu-Nol ,, Hatio (CVAae

Channel N.. z _ " Chann el Vrelutn v 761( t 7. 5'-
lSPlF: Sunal I2. N,,is : Full Mut. ------ ,i-. ar-- [, t ,'. O,. -.e'.__.
Deviation Rat,( . . . . . . ...

LPOI" Ci t ftf Frc'ji#,n , - . . ... • , ; ,
Full Bardwidth Voltage. ... . _.

Output Noise: F',ll Multiplex,. ..... . .. 4 ,V
Search Channel Only . . .

C-anticl No. Y9 Channel Frtcptencv 7 k 75 '%
.PIF: Swn.l - Nui " Full Muat.. = d S, ar - ,'h. Od,-,9!.g ,

Dtviation Ratio. A..............

LPOF Cutoff Y re,iuent ..... ..

Full Bandwidth Voltage. ........... 0 r-p
Output Noise: Full Multiplex ........... i --

S,.arch Chalit I Onl) . . . .

Channel No. // Channel requency z 3 k_ _
nPIF: S:gnal -/. -J' Noise" Full M,,lt. -3te46 Search Ch. Onl.-- __
Deviation Ratio... ............... __

LPOF Cutuff Freaumncy ...... . . . -.... --
Full Bandwidth Voltage . . . . . .. . 2_________

Outpvt Noise: Full MuLtipl-x.. . . . .. . __ _ _ _ _

ScArch Clannel Onl--. ._._"._ _ _ __ _ _ _

Cha ,,e. No. Channel Fri,.qu,.cy 27"
BPIF: Signal ,..jdb Noise: Full Mu t.- 1.j Starch Ch. O
Deviation Ratio . . . . . . . . . . . . .

LPOF Cutoff --requency . . . . .___.__.'_.

Full Bai.dwidth Voltage . . ... _._._._.. .- r_

Output Noise: Full Multiplex ...... ."-...........

Search Channel Only . . . .___ __ __ ___ __ __ __ ___ __ __ __

Chann,.l No. Channel Frequency 3?eO r A-
BPI7": Signal ".'... Noise: Full Mult.--.2, Search Ch. Only
Deviation Ratio a . . . .

LPOF Cutoff Frequency . ..... . • _ _ _ _ _ _ _ _

Full Bandwidth Voltage * . . .. . . . .* € •.

Output Noise: Full Multiplex ..... . ./, , l

Search Channel Only .... _________________________________

Nrte Dat



FIGURE 11-3. 4-5 (CONT'D.)-
SIGNAL-TO-NOISE TEST DATA

Sy~stem Description: C.a l I' I %
iF Signal-to-Noise Ratio j9 Ja . . AGC Voltage -, VS

Channel Nc. Channel Frequency 2d0c t ,
BPLF: Signal -.. Noise: Full Mult.-.274 dL Search Ch. Only c/.b
Deviation Ratio . . . . . ... . . . . . .

LPOF Cutoff Frequency . ........ 1
Full Bandwidth Voltage ... ......... vp,
Output Noise: Full Multiplex ......... ,j my"V

Search Channel Only .&..V. rn"

Channel No. / Channel Frequency ;2--! 1<. 5 ,-1
BPIF: Signal -.9,S 1"'k Noise: Full Mult.-?.tdb Search Ch. Cnly-/. Jb
Deviation Ratio............ .. -W'
LPOF Cutoff Frequency ...... . . ________________

Full Bandwidth Voltage ... . . . . . .__ _ _ _ _

Output Noise: Full Multiplex ........ g'
Search Channel Only. . . . 50 ,

Channel No. /] Channel Frequency / 36- .Ac 7. f-a
BPIF: Signali Noise: Full Mult. Ea.o, Search Ch. Only-5-,,d
Deviation Ratio. . . . .
LPOF Cutoff Frequerncy ......... 7. ...
Full Bandwidth Voltage ......... ...--
Output Noise: Full Multiplex. . ........ j. , .

Search Channel Only. . . . ___ _ __ ___ ___ __

Channel No. Channel Frequency k r_ Z 6
BPIF: Signal -,2,0.J Noise: Full Mult. . &lb Search Ch. Only-2.,.:
Deviation Ratio .....
LPOF Cutoff Frequency ........... ..
Full Bandwidth Voltage... ....... . _..
Output Noise: Full Multiplex . . . . . .... d

Search Channel Only. . . .__ _ _ _

Channel No. Channel Frequency 9 , ' ± 74
BPIF: Signa! - a Noise: Full Mult. .-. f'i;Search Ch. Only_-.,6
Deviation Ratio ......... ....
LPOF Cutoff Frequency ......... * * 3 ,
Full Bandwidth Voltage . . . . . . . . . 6, .
Output Noise: Full Multiplex. . . * . -.

Search Channel Only . . ./- 1?P ..

-229-
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FIGURE 11-3.4-6
SIGNAL-'IO- NOISE TEST DATA

System Descrition: 5606. . -, -
IF Signa-to- Noi de P..tio __________________________

Channel No. Chinnel .requcn . iC- -7.5%
BlPIF: Sgnal~j Noiste: I ull Ms. .aSea rth Ch. OnlY-,1 7
Deviation Rati ........ . . .......... ........... ......
LPOF Cutoff Frequency.. .... . . ........ lp i.

Full Bandwidth Voltae ...... ........ P
Output Noise: Full Multiplex ._._._ _. ._ I_0 __o

Search Chnne! Only . . j... M e.%

Channel No. Channel Freq,ency. 70 kC .I S'
BPIF: SiRnal Q Nse: Full!Mult. - 1; .)jiSar, h Ch. Only v.. L

Deviation Ratio ..... ............. .
LPOY Cuitoff Frerju,.niy.... ..... ..... Z.....1)O CPS C

Full Bandwidth Voltage . ......... . . J ...PP ..

Output Noise: Full Multipitx . . . ._.. . ___Q______.

St-r, It Chaiuug- OnI%* .

Channel No.j Chdnn9l KC 7. O
BIPIF: Signali N:e: Ftll I1t.L17 Search Ch. Onl
Dev iation Ratio. . .... .. . .... ... -

I POI CutofI Freq .cy . .... . ... . . .

F u l l B a n d w i d t h V o lt a g ... . . . . . . . .. . . . __ _ _ _

Output Noise: Full MIt..pl.x ............ .0 X. I .......... ....
Search Cl a'nnel Only ,. . _ __ _ _ _ __ _ _ _ __ _ _ _

Channel No. (2 o? Channel F'r oquency k*s
BPIF: Signal_- " 71 Noib.: Full Mult. L i d Scarlh Cli. Only
Deviation Ratio ..... ............ .
LPOF Cutoff Frequency ..... .... I t, C. $ p3
Full Bindwilth Voltage . .. ......... l/LIP P
Output Noise: Full Multiplex ....... . . . /300 may j'J I

Search Channel Only . . . . L C

Channel No..~J. Channe! FrequencykC
BPIF: Signal-t Noise: Full Mult. S e..arch Ch Only .

Deviation Ratio..n. ... ........
LPOF Cutoff Froquency ........... P7'
Full Bandwidth Voltage . . . .. . . .FullBan widh V lta e ........................ ..... .. ...____ ___
Output Noise: Full Multiplex . ..............

Search Channel Only . . O .

/mCm l -230-
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FIGURE 11-3.4-6 (CONT'D.)
SICGNAL-TO- NOISE TEST DATA

System Description: St9V a'- Z 1q3 a.~ 7 C 4d

IF Signal-to-Noise Ratio A(,(' Voltage - L A__

Channel No. Chann.l I rique,,r 0 .C 1' 0/0
BPIF: Signal Noise: Full Mult. Search Ch. Only -'vIO.Adj
Deviation Ratio ... .... ......... ..
LPOF Cutoff F requent ,.. . ........ ... C )q
Full Bandwidth Voltage .... ......... /0 j ? D
Output Noise: I ull Multiplex . ._._._._. . _Q_

Search Channel Only. . . . / u
Channel No. *t Channel Fr -qt'nc /"

BPIF: SgnaI Nise: Full Mult. 0 A.b( Search Ch. O,-ly-
Deviation Ratio ........... . . . . .
LPO," Cutoff Frequency . .. ........ /6) /O g 2 _,
Full Bandwidth Voltage .... .......... u P
Output Noise: Full Multiplex ........ /........v v

Search C(hdinvl Only . . . . 3.5 U s

Channel No..L (hiunnl Frcituncy k5 C ± 2. , /
BPIF: Signal b Noise: Full Mult. rd) Search Ch. Only-2,7d
Deviation Ratio...... ....... . ....
LPOF Cutoff Frequency ........... .. _3 9 )9
Full Bandwidth Voltage .. ......... .
Output Noise: Full Multiplex ..........

Search Channel Only .y U .,%. .

Channe'l No.' O Channel ri,,uecy 4 kc -# 7 %"0,o
BPIF: signal-5,d -. Noise: Full Mult..-/6,1 -sarch Ch. Only

Deviation Ratio ...... ............. .5
LPOF Cutoff Frequency . ..... ........ ! ' & 0 p,& Cog
Full Bandwidth Voltage ..... ......... /OLJ p
Output Noise: Full Multiplex .............. ) ,s

Search Channel Only. . ... ,,

Channel No. Channel Frequency - 7,
BPIF: Signal .. ,T Noise: Full Mult. -,Search Ch. Only j

Deviation Ratio .... ....... ,
LPOF Cutoff Frequency . 0. . . . 0 .. .~'iS.p
Full Bandwidth Voltage .. . . . . ._ _ _ _ __ _PP

Output Noise: Full Multiplex ...... .. './
Search Channel Only . . . .

2 ci k t -231 -
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FIGURE 11-3. 4-6 (CONTID.)
SICNAL-*rO-NOISL TEST DATA

System Description: ee-e Sr Ck~W1
IF Signal-to-Noise Ratio C olae-A2id

Channel No Channel I* requercyw.O 7 .

BPIF: Signa -,Q7-7j Noise- Full kitilt, - ,', Search Ch. Only
Deviation Ratio ..................................
LPOF Cutoff Freqiuency . . ........ I/ PC CA
Full B~andwidth Voltage ..............................
Output Noise: Full Multiplex .. ........ .

Search Channel Only . . . .

Chanrjel JNo. Channel Freqiiency 70 iC '7, Vo
BPIF: Signal- b Notise: Full Mulit ~7Search Ch. OnlvZ~~
Devidtion Rlatio .. .. .. .. .. .. ..

LPOF Cutoff Yrcluencv.... . . . . . . . .. ~~
1',ull B3andwidth Voltage......... .. .. ....................
Output Noise: Full Multiplex .. .........................

Sarch Chatint-1 Onlk . .7 L iY,,i

Chaninel No. ~ Chatnnel l-rvqutnc (93 . t 7S l
11PIF: Signal -;!Qrl Noise- Full VMjlt.-o~j; bSa~hCn ny.1
Deviation Ratio . . . ................... ________

LPOY Cutoff Frequency.. .. .. .. ....
Full FPandwidth Voltag . .. ........ 22
Ouitput Noise': Full Multiplox ........ ____

Search Channel Only .4

Channel No. 20 Chianrie F requency ZVj1C17
BPIF: Simnal Ab. &No's e: F u Il Mult, -,0 li Search Ch. Only-
Deviation Ratio ..................................
LPOF Cutoff Freqiency....... .. .. . . .j LR&6 e
Full Bandwidtth Voltage . . ........ i I?
Output Noise: Full Mltiplex . . . ...... 7 4-j"" u yo

Search Channel Only....

ChanelNo.faCanlFeuny (Y C" .YV

Deviation Ratio. .............. Is
LPOF Cutoff Frequency .. ......... 7!j 7 5*c..p C
Full Bandwidth Voltage .. ..... . ... /10_________P____O

Output Noise: Full Multiplex . . . . . . . 73jI mijew,

Search Channel Only . . . . 7~vuI..

3,-
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FIGURE U-3.4-6 (CONT'D.)
SI(INAL.- I'O- NOISE TEST DATA

System Desc riptien iw/ 19 .,. 4 v
IF Signal -tNo, se Patio 2 A(;(' Voltage-

Channel No. _ Ch.an'ncl 1 !'7,__ Y0 /*
JIPLF: sun;l Nic: f ,,i, \,,l,. -, .. Ch. Only v ,

Dev;3tion.Vaii) . .. . . .. . . . . ... . . . ________

LPOF Cutoff 1 re.i,.rw. . . . . . . . . ._____________

Full Ba.,rwidth Voltatze .._._._.. .. . .._

Outpit Noise: I ,fl \h ttiplv-• . . . . .-.

S,.arch Chainnel Otil . . . . .'I t,, _______,___

Chantiel N o. Chanr,,l Y-rf ', 1 , 7 7 &0A/o

l ' " ,,: _ . .L : . . ,,, .",. ., .-, . L d : d r I. "' ,
i); t nn lHat i...............a" ,

LPOl Cutofi F rete, . .v . . . . . . .. _ c. 1,
Full laadwirlth Volet ..e . .......... _P_ _

Output N',ir: Full Multiplex '_.._ __. .. . .__'

Channel No. I _ _ ('hannl I r,, (  . A- 7 /
PPlIF: Signal_5 tj j Noiste- till M ,rit.-.27._L ) %,a tf. Ck. Only -

I)t\u Ration H.tju. . . . . . ....... ... .. . . "

LPO - C titoli I-r,' , .,k 1. . . . ._._._._..

f ull landwdtth :olta,.... .. .... . . /p tj . ._
Output NuaIse: 1"Ul '1111 :'x. . . . . . . . ...

Star i (-annel (ink\ . . . . m "

Cha,,ncI No. Chinrnl I rrqien., A, /,-7 °/

BPlF: Si~tnal_-f5,) Nos::HllMlt-c~~'arch Cl!. nvi~
Deviation Ratio .......... .........
LPOF Cutoff r. . . . . .
Full, Bandwidth Voltaa, . ..... ........ .) P0 _

Output Noise: Full Miiltiplex . . .. . . . ___ U____ S

Search Chiannelib * a'MtulrV.

Channel No. 2 { Channel rrequencv /' "i"  ! 7 5
BPIF: Signal Nois: F till Mult.-; 2j,..jSearch Ch. Only-Jjq
Deviation Ratio ........ ............ I%-

LPOF Cutoff Frequency . . .... . 2-17 6 "R s CA
Fmll Bandwidth Voltage .... . . . . .16 j P.
Output N,,ise: Full Multiplex ..... .. 4.

Search Channel Only . • __ __ __ _ __ __ _

-233-
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FIGURE 11-3.4-6 (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System Description: .. MC
IF Signal-to-Noise Ratio . , - (. A C Voltage -9 ,

Channel No. 2j Channel Frequency / -. ¢C_ t 7, V. (SVj)c z / / d
BPIF: Signal , Noise: Full Mult. Search Ch. Only -1, 7 J
Deviation Ratio .................. ...

LPOF Cut'off Frequency ...... . .••.• . ........ C o4
Full Bandwidth Voltage .... .......... /1) U A .. ,
Output Noise: Full Multiplex ..........

Search Channel Only. . . . /M -

Channel No.' Channel Frequency -_ t.-% -0/(S -- C

BPIF: Signalg.Jj Noise: Full Mult. Search Ch. Only 3.
Deviation Ratio..... . . . ... .. .

V .
... 

..

LPOF Cutoff Frequency ... .. ... ... 2 7. fc C /

Full Bandwidth Voltage . . ....... . . ,p 01
Output Noise: Full Multiplex........

Search Channel Only. .... / *,,r -m

Channel No. f ChannelFrequency /&-CA Cr ±7SY)O WAP C

BPIF: Signal - 3. Noise: Full Mult. Search Ch. Onl
Deviation Rato .................... ....
LPOF Cutoff Frequency ........... -/',- c ,
Full Bandwidth Voltage ............ "3
Output Noise: Full Multiplex .......

-Search Channel Only . . . . ) - 1a. 'rSJ,

Channel No. Channel Frequency /,± k t . " 'V .

BPIF: Signal-.3.7df Noise: Full Mult. Search Ch. Only-
Deviation Ratio .. ................................
LPOF Cutoff Frequency... . . .. ..... 2!jT7Yrg L
Full Bandwidth Voltage ... ....... . .. ( el
Output Noise: Full Multiplex ..............

Search Channel.Only ... m , Z2 .-. OW

Channel No, Channel Frequency / (,- 7 3*0,o 9 d4
BPIF: Signal - Noise: Full Mult. Search Ch. Only -.
Deviation Ratio.. ._._._._._._._._.-._._.

LPOF Cutoff Frequency ...... .• .. 2 "

Full Bandwidth Voltage .. . . . . . . .

Output Noise: Full Multiplex. ..... _ _ _ _ _

Search Channel Only. . ../3Omdv., -/$-4/-
A10 4 If#,P Tvp,,rT io c
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FIGURE 11-3. 4-7
SICNA1. - 10- NOISF TF;s r DATA

Symtern Daescri;.tion:_c A'l & t) Yv~±&oi~d w't
IF Signal-tu-Nuisvft i v~7~ (I "lape. /~/

Channel No. Cha nrt I Irctie unc%~________________

0ev l icin P ~t ito ... . . . . . . . . . .

LPOI' Ci 1t,,ft I re'r:iivvc% .. . . E. . ..

Outpaut Nuisc: FiI Iutic ~ .. ...........................
Starch Chaniv1OaIc ..

Chani'l No.- C'hamwil I rtipit'ni v \ 7T

LPOF Ctitot Fr#equi.n( .. .__._.__._._.__._.

F11ll B~anw idth Voltage' . . . . .

Output No~-Full Multiplex. .. . ~ .____ ____

Channel No. ( hanni I 1-rqvcivi 7075
PI:Signal J~4. ~~'Fl S~l.~ Sa r(hI. n. y

LPO C~ 'iit f FrIitii. . .W..i .. .

Fu ll J'andwict'i \ oltaoLt . .__._.__._._.__._.__._________

Output Noi se: F'ull MItiple'\ .___.___.__.___.__.__.

Chi~~nn.'l No. 8 Chd nnol I 30k.X."

Sea rchi Chantit' I Onlv'. . 6-_r

Charinc' No, (:hanti I rei(n ______

IVPIV: Signal-~ Nctis Ft 1ull Mult. Seart h CLOnly_______
DeN iataiai laio... .. .. .........
I.POI- (:itoff F rquitcy y....... . .. ___________

Full B~andwidIth Vijltapt........ .. .. ..
Output No'ise: ? ul i Multiult'x..........__________________________

Scarch Chaiiel 0r,...
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FIGURE 11-3.4-7 (CONT'D.')
SI(NA .- TO-NOISE TP;ST DATA

System De.s.-ription: CV.L%%m1 i- - Tra~% L 1aL
IF Signal-to-Notse Ratio _ A(,,.ltxgC -4VOq 1 9dL

Channel No. U Channr I- requency.-

13PIF: Si -na Noiq-c: Full Mult. Serl C.Ol
Dcviatioin [ittio ... . . . . .......... _-

LPOF Ctit,ft Frequency.. . . ..... ... 5"IpI c
Full Bar.,iwidth Voltage . . . . . . . . .ft________

Output Noise: Full Multip!ex ....................
Search Channel Only. _ ._ _ _ _ _ _ _ _

Channel No. Channel Nr,.,,ncy 9 Cag n7
13P1F: Si1,11l V'oe ull Mult. .117,4 -~art!- h. (l i

Dcviati,,n Ratio. ....... .....-.-
LPO- Citoff Frequent. .............. i.OcL -..i-
Iull L2.nd% ALth VoItag " . ............ ___

Output Nis: Full Multipltx . . ". . . ... _.._.._ _

Search haiminl Only. . . 0 V-

Chann.l No../ Chann,,l freq ,ei. 70 1<_ a___._______

Deviiti,in Ratio .... ............. ... . _" _....
1.. 01*" C"tlt,ff* F r eq uincj .. . . . . . .y j -LPIK('th reuuc................1 Stt sJC

Full Bandwidth V oltagt . .. ........ ... /a_ PP_

Output Nulst: FoAil M o1ltiplex. . . . . ........ .. _ ........

Search Ch ,annel Only .- 7 . m V'_... ... ..........

Channel No. E Channel Frequcy 5 C t 7. ",Of
1BPIF: Signal - NNI,: Full Mull. -. l ipSdt;arh Ch. Onlyy
Deviation Ratio.. ............ .. .-... _

LPOF Cutoff rvqtienc. ..... . . . .... A CA

Full 1anAdwi'lth Vltagt . . . . . . . . .. . . 0
Output Noise: Full Multiplex .................

Search C hannel O nly . . . ...________ ........... ......

Channel No. Channel Frequency
BPIF: Signal Noise: Full Mult. ......... Search Ch. Only__________

Deviation Ratio ... .............
L.POF Cutoff Frequency ...... .........................

Full Bandwidth Voltage. .........
Output Noise: Full Multiplex ... ............. . .. ...

Search Channel Only . __......... . .... .
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FIGURE 11-3.4-7 (CONT'D.)
SIGNAL-rO- NOISE TEST DATA

System Description: CA*07Pe/ //I141 ?tVA1/
IF Signal-to-Noise Ratio //db ArC Voltage -

Channel No. # Channel Frequency ] -he I -SI7S
BPIF: Signl1 1 Noise- Full Mult. - Search Ch. Only
Deviation Ratio ..... ........... ..
LPOF Cutoff Frequency. .......... . .-. .

Full Bandwidth Voltage.. ... .. .. .
Output Noise: Full Multiplex. . ...... 1--

Search Channel Only . . • • / '* my

Channel No. f Channel Frequency kc t 7- 5'%
BPlF: Signail J Noise: ull Mult . 1 Search Ch. Only !,
Deviation Ratio ...................
LPOF Cutoff Frequency ..........
Full Band~width Voltage......... 9 4
Output Noise: Full Multiplex . ._._.. . ._ _V .

Search C-hitinel Only . 5" mv

Channel No. _ Channel Frequec e" T )I.

BITiF: Signal-' Noise: Full Milt. -t. 1d ,Searh Ch. Only

Deviation Patio ...... ..............

LP-OF Cutoff Frequency ............

f uli Bandwidth Voltagt...........................e 2
Output Noise: Full Muitiplhx....... . _. . .

Search Channel Only . ... ..

Channel No.. _ Channel Frequency . ' 7,-
BPIF: Signal_.2tL _4Noise: Fu1l Mult.-Alb Search Ch. Only

Deviation Ratio ... ............ .-

LPOF Cutoff Frequec. . ....... ... 96Cj"

Full Bandwidth Voltage ......... .

Output lNoise: Full Mltiplex . . . . ._._._...... ..

Search Channel Only . . . .___ _________

Channel No. Channel Frequency
BPIT: Signal Noise: Full Mult. Search Ch. Only

Deviation Ratio......... . .

LPOF Cutoff Frequency .......... _ _ _ _

Full Bandwidth Voltage . . . . . . _ ____ _ L_

Output Noise: Full Multiplex. . . . . __ _i

Search Channel Only . . . .
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FIGURE 11-3.4-7 (CONTID.)
SIGNAL-TO-NOISE TEST DATA

System Descr46ptlon:tfdP"e i A
IF Slinal-to-Noise Ratio /1-- GA-C Voltage

Channel No. . Channel Frequency
BPIF: Signal I,0 L Noise: Full Mult. Search Ch. Only-
Deviation Ratio. ..............
LPOF Cutoff Frequency ......... M
Full Bandwidth Voltage . ...... . ...... ..........

Output Noise: Full Multiplex. . . -l "
Search Channel Only. . . . .

Channel No. Channel Frequency.U c- -
DPIF: Signal I 3 Noise: Full Mull. - Search Ch. Only -

Deviation Ratio ......................... ..........
LPOF Cutoff Frequency ........ ,c".4....

Full Bandwidth Voltage.. ................ d
Output Noise: Full Multiplex .............

Search Channel Only . . . . F, 'bkh V

Channel No. /,C Channel Frequency le, vy, "%
BPIF: Signal -jjjU& Noise: Full Mutt. _ Search Ch. Only 
Deviation Ratio ... ........... ..
LPOC Cutoff Frequency... .. ... . .
Full Bandwidth Voltage .. .. ....
Output Noise: Full Multiplex..... .-.

Search Channel Only .... H

Channel No. Channel Frequency ±.Oke 1 -7,5
BPIF: Signal, ?,JNoise: Full Mult.-6, do Search Ch. Only
Deviation Ratio .......... ..... 5
LPOF Cutoff Frequency .... ........
Full Bandwidth Voltage.............
Output Noise: Full Multiplex ..........

Search Channel Only. . ._ ,

Channel No. ChannL! Frequency___________________
BPJF: Signal Noise: Full Muit. Search Ch. Only_
Deviation R atio .. . .. _ _ _ _ _ _ _ _ _ _ _

LPOF Cutoff Frequcncy . 9 . . . * _

Full Bandwidth 'Voltage . . . . . . _.__.

Output Noise: Full M ultiplex. . . ............. ........ .. .

Search C ha nnel O nly . . . ... ................... .........

Y- o -238-
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FIGURE U-3.4-7 (CONT'D.)
SIGNAL-TO-NOISE TEST DATA

System Description: /-dL" ....... ...
IF Signal-to-Noise Ratic_/4S AGC Voltage_-

Channel No. Channel Frequency . -/5" (/)€= lb
BPLF: Signal -rj. Noise: Full Mult. Search Ch. Only-

Deviation Ratio . . . . . . . . . . . . .

LPOF Cutoff Frequency ... ......... r5 As ,

Full Bandwidth Voltage ......... .. /0 j P.

Output Noise: Full Multiplex ....... ..............

Search Channel Only . . . . / 4,,, , -

Channel No. Li Channel Frequency

BPIF: Signal Noise: Full Mult. Search Ch. Only_-

Deviation Ratio. . .. ..........

LPOF Cutoff Frequency .. . . C /
Full Bandwidth Voltage .............. /5"4

Output Noise: Full Multiplex .......

Search Channel Only . • ........ ) .-"...-/ ,/A

Channel No. Channel Frequency 7 --
BPIF: Signal -0,1J Noise: Full Mult. Search Ch. Only-
Deviation Ratio . . . . .t .. . . . . . .
LPOF Cutoff Frequency ... ........ .... e
Full Bandwidth Voltage ..... ........ """+ qi/
Output Noise: Full Multiplex .......

Search Channel Only. . . 7 5"- ..Lf......- ",/

No. _ _Channel Frequency / ./ /J ,t/ ) "

BPIF: Signal-O cl/j Noise: Full Mult. Search Ch. Only - ,
Deviation Ratio .... ..............

LPOF Cutoff Frequency ......... C-P$
Full Bandwidth Voltage ..... ......... i t 9 - -

Output Noise: Full Multiplex.........
Search Channel Only ... . ,

Channel No. Channel Frequency_ _ _ _
BPIF: Signal Noise: Full Mult. Search Ch. Only
Deviation Ratio . ...... . . . ...

LPOF Cutoff Frequency . . . . . . 0 a

Full Bandwidth Voltage . . . . . . *__ _ _

Output Noise: Full Multiplex. . . . . ...
Search Channel Only. . ...

,~. P-- - -239-
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3.5 SYSTEM ERROR TEST

3. 5. I General

The system error test uses a null technique to measure any variation between
the system input and output. In essence, the input to the VCO of the particular
channel under test is delayed and compared to the sabcarrier discriminaitor
output signal. The test is first performed by adjusting the system gain and
delay (phase shift) fcr a null between the system input and output at a low modu-
lating frequency. The frequency of the modulation is then increased and the
null maintained by adjusting only the phase shift. The rms as well as the peak-
to-peak magnitude of the nuil is then measured as total system error at several
points within the data passband. The test is repeated and gain as well as phase
shift is adjusted for a null at the same positions in the data passband. This lat-
ter measurement removes the effect of any syste-n filter rolloff that occurs as
the modulation frequency is increased.

The block diagram of the test is shown in Figure 1I-3. 5-1. The phase and am-
plitude adjustment network would normally be placed in the comparison signal
path; however, due to the difficulty of adjusting pha3e shift without attendant am-
plitude changes, it is necessary to use the configuration shown in Figure 11-3. 5-1.
In this configuration, the all-pass phase network is driven from the low output im-
pedance of the subcarrier discriminator and drives the high input impedance of
the differential amplifier. The output-level control of the discriminacor is used
to adjust system gain. Thus, in this manner the system input signal is unaltered
prior to the comparison with the system output.

In order to improve the signal-to-noise ratio through the differential amplifier,
the amplifier is operated with a calibrated gain of 10. Since the amplifier out-
put noise is independent of gain setting, this procedure improves the obtainable
null voltage. The measured value of rms and peak-to-peak le,,el are then di-
vided by ten. In addition to the test with the full multiplex, the tests are re-
peated with only the channel under test in the multiplex. This technique isolates
the effect of intermodulation on the system error.

3. 5. 2 Detailed Procedure

a. Calibrate all VCOs.

b. Deviate all VCOs full bandwidth at maximum rate for a deviation ra-
tio of 5.

c. Adjust the discriminator for approximately *5 volts, i.e.. 10 volts
peak-to-peak with full bandwidth deviation.

d. Establish IF signal-to-noise ratio greater than 20 db to assure that
the receive.r and discriminator are operating above threshold.
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e. Operate the AGC in its normal mode, but measure and note the level.
This level can be used as a check on the actual input carrier level.

f. Measure the residual system output rms and peak-to-peak noise volt-
age at the nulling point with the seach channel unmodulated. Repeat this mea-
surement with only the search channel in the multiplex, i.e., with all other
VCOs turned off. These readings of minimum attainable system noise serve
as a lower limit on the null voltage possible.

(The follow ng steps should be performed on the search-channel VCO with the
complete multiplex operating and then repeated for the search channel only
i.e., with all other VCOs turned off.)

g. Set the level, R1, of the comparison modulating signal to the exactly
10 volts peak-to-peak. Adjust, RZ, the input to the search-channel VCO for a
full-bandwidth deviation.

h. Establish a null by adjusting'The phase shift and discriminator output
control for a null at a sufficiently low modulating frequency to avoid all system
rolloffs. The frequency used in the test is 0. 3 f,.n 1 where r is the maximum
frequency for a deviation ratio of 5 operation of the search channel under test.
Measure the peak-to-peak and rms null voltage at the output to the differential
amplifier. If a gain of 10 in the differential amplifier is used, divide the output
readings by 10.

i. Change the modulating frequency to 0. 5 fm where fm is the maximum
modulation frequency for the particular deviation ratio and channel under test.
Obtain a null by operating only the phase adjustment.

j. Repeat step i. for a modulating frequency of 1. 0

k. Repeat steps i. and j. for null voltages where both the phase and am-
plitude adjustments are made to obtain a null. Record both the rms and peak-
to-peak levels of the null voltage.

3.5.3 Results

Details of the tests and measured data are included in this volume in figures and
tables numbered with 1I. S.mmarized test results are presented in Volume I in
figures and tables numbered with I.

3. 5. 3. 1 IRIG Baaeband

For the IPJIG 18-channel t7. 576 system operating at a deviation ratio of 5, the
system error was obtained for the following condition3:
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Test channels: 70 kc *7. 7.; 5 kc *7. 5%

Multiplex level: 1. 0 volt rms

IF S/N: 39 db

Deviation ratio: 5

LPOF: Constant amplitude, 18 db/octave, nom-naa cutoff fre-
quency for DR = 5

The test data is shown in Table 11-3. 5-2 and summarized in Tables 1-3.6-2 and
1-3.6-3.

3.5.3.2 IRIG Baseband--Wideband Channel

The IRIG baseband, channels I through 16 and E, was evaluated for system er-
ror under the following conditions:

Test channels: 70 kc *15%; 3 kc *7.5*/1

Multiplex level: 1. 0 volt rms

IF S/N: 39 db

Deviation ratio: 5

LPOF: Constant amplitude, 18 db/octave, nominal cutoff fre-
quency for DR = 5

The test data is shown in Table 11-3. 5-3 and summarized in Tables 1-3. 6-4 and
1-3.6-5.

3. 5. 3.3 IRIG Baseband--Deviation Ratios I and 2

The IRIG baseband, channels I through 18 operating at a deviation ratio of I
and 2, was evaluated for system error under the following conditions:

Test channels: 70. 0 kc *7. 5%; 22. 0 kc *7. 5%; 7. 35 kc *7. 5%;
3. 0 kc *7. 5%; 960 cps *7. 5%

Multiplex level: 1.0 volt rrns

IF S/N: 39 db

Deviation ratio: I or 2
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LPOF: Constant amplitude, 18 db/octave, nominal cutoff ire-
quency for DR 1- I or 2

The test data shown in T.'ble U-3. 5-4 and summarized in Tables 1-3. 6-2 and
1-3. 6-3. The low deviation ratios increased the system output noise sufficiently
to require the null to be obtained first with only the search channel VCO in the
multiplex. The corresponding full multiplex reading was then made at the same
amplitude and phase settings after turning on the remaining VCOs. The voltage
level at null was often such that a gain of 10 in the differential amplifier was not
used.

3. 5. 3. 4 Expanded Baseband

The expanded baseband, channels I through 21, was evaluated for system error
under the following conditions:*

Test channels: 165 kc *7. 5%7; 125 kc *7. 5%; 93 kc *7. 5%;
70 kc *7. 5%; 3 kc *7. 51

Multiplex level: 750 mv rms

IF S/N: 39 db

Deviation ratio: 5

LPOF: Constant amplitude, 18 dbioctave, nominal cutoff fre-
quency for DR : 5

The test data is shown in Table 11-3. 5-5 and summarized in Tables 1-3. 6-4
and 1-3. 6-5.

3. 5. 3. 5 Expanded Baseband--Wideband Channel

The expanded baseband, channels 1 through 19 and H, was evaluated for system
error under the following conditions:

Test channels: 165 kc *15%; 93 kc *7. 5%; 70 kc *7. 5%;
3 kc *7. 5%

Multiplex level: 630 my rms

IF S/N: 39 db

Devivion ratio: 5

LPOF: Constant amplitude, 18 db/octave, nominal cutoff
frequency for DR 5
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The test data is shown in Tabid U-3. 5-6 and summarized in Tables 1-3.6-4
and 1-3. 6-5.

3.S5. 3. 6 Coristant -Bandwidth Baae band

The constant-bandwidth multiplex, channels I through 21, waj evaluated for
systemn error under the following ccnditionst

Test channels: 56 k 1Z2 kc; 88 kc *2 kc; 120.kc *2 kc;
160 kc *2 kc

Multiplex level: 360 my rms

IF S/N: 39 db

Deviation ratio: 2

LPOF: Constant amnplitude., 42 db/octav, nominal cutoff
frequency for DR = 2

The test data is shown in Table U-3. 5-7 atid surnmarized in rabies 1-3. 6-6
and 1-3. 6-7.

3. 5. 3. 7 Comli ,inaional-Badit Baselh:2,.ci

The combinational -bandwidth multiplex. I1RGC~ channels I through 11 and constant-
bandwidth channels 1 through 21, wa.,: e-,. Iuated for system error under the fol-
lowing conditions:

Test channels: 3. 0 kc ±7. 5-1-0 5b kc *2 Icc; 88 kc *2 kc; 120'kc *2 kc;
160 kc *2 kc

Multiplex level: 635 m-v rm-s; 600 my rms for CBW channels and
210 mv rms for IRIc channels

IF SIN: 39 db

Deviation ratio: 2 for CBW channels, 5 for IPIG channels

LPOF: Constant amplitude, 42 db/octave in the CEW channels
and 18 db/octave in the tRIG channels, nominal cutoff frequency
for specific deviation ratio.4

The test data is shown in Table 11-3. 5-8 anid summarized in Tables 1-3.6-8 and
1-3. 6-9.
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TABLE 11-3. 5-2
SYSTEM ERROR TEST DATA

System Description: XI4e/ &Ol' 61 piipief I7'u 4  PW DES
IF Signal-to-Noise Ratio- y
Discriminator Full Scale Output ZQ M Receiver AGC Voltage S'

Discriminator Channel: 7~9e.±
Residual Noise: Full Multiplex . 1 -, Search Channel Only__,W.

Full Scale Level at Summing Point: Lin, and /_o. ____

3/1.026646q /anicP
O.3f 3. (, 1.f

m - m
rv m ' mv mv my mv

Full Multiplex: rrns p-p rms .- b rms D-v

Phase Null Only a?- --'- 23 ''O fjqo 7.-0

Phase & Amplitude Null 20 /_120 ,2 3 114O '/9 /Co.

Search Channel Only:

Phase Null Only " 91 ;42 7oa
Phase & Amplitude Null 11 2/ 1L 2

Discrimtinator Channel: a 7 " " -"

Residual Noise: Full Multiplex Search ChannetOnly

Full Scale Level at Summing Point: f"l 761-res and 1A .

??.55 1.0 1

mv Mv mv my my| r1

Full Multiplex: _,rm -o Ljom -

Phase Null Only __ ___/7 60  /9O 67

Phase & Amplitude Null to & . e /40 Y6

Search Channel Only:

Phase Null Only _-_- _____

Phase & Amplitude Null

Date -Name

-260-



TABLE 11-3. 5-3

SYSTEM ERROR TESI DA rA

Systvm Description:" cex &Iwa a-0

IF Sign. 1-to-Noise Ratio- 34d
Discriminator Full Scale Output: 1,0Vc'ivp AGC Vtge: ~

Dist-riminator Channel:.~ 7V '/3 lo2)C
Residual Noise: Full Multiplex -7 jtlt e ,rct (Sea ,n, OCh [nel y _ _,_

Full Scale Level at Summing Point ' ,n-Ldl i_

3 f 0. SI 1•

my rM , mnv rr,., rnV tyl
Full Multiplex: rrms p- rms 1- D .. rmns P-1)

Phase Null Only Ail -- /YV /j 5"

Phase & Amplitude Null N4 - -

Search Channel Only:

Phase Null Only - - 3
Phase & Amplitud:" Null 3 IQ! ... .. O.. .... 1/0 6 1 3.1,,,

Dist riminator Channel: 3kc-.t?7 i OVP.-
Residual Noise: Full Multiplex n*Sj Search Channel On,..

Full Scale Level at Summing Point: and ____

0. 3 f 0. 5 f I t
MTP11

mV m mV m% rM.
Foil Multiplex' :ri 0-0 rm v n-p rrP: .....L1

Phase Null Only - -

Phase & Amplitude Null 4" ?5 /J - o

Search Channel Only:

Phase Null Only- ___ ''

Phase & Amplitude Null 33. £ t6 /' 6' 7 3

- eJ- Name
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TABLE 11-3. 5-4
SYSTEM ERROR TFST DATA

Systvm D,,scriptionW Z

IF Signal-to-Noire Ratio: Jb
Discriminator Full Scale Output: IJpr R.ceiver AGC vtltaq:

Discriminator Channe: I W.7. 1
Residual Noise: Full Multiplex Search Channel OnlyZ uets
Full Scale Level at Summing Point: .5.5 Y1Jy a ld 1201____________

m - m -:__

n) v M n v n v ml nV" m V.

Full Multiplex: rms -2 rms , rm -

Phase Null Only lL I,, 00

Phase & Amplitude Null 12. ._Q16 L3Q. moo0 £ ..2
Search, Channel Only:

Phase Null Only,,, , 'X qo/ ,o-o IlO

Phase & Amplitude Null .0 CQ
Discriminator Channel: 7,lc Z '9

Re.idual Noise: Full Multiplex 31 J yadj Search Channel Only Jt "

Full Scale Level at Summing Point: a nd /AJP

0. 3 fm Mr n :

rvm m mv my m' r.
Full Multiplex: m I - rzn." v -n -rm o-

Phase Null Only 0_d M__o 2d 'O, L ]O

Phase & Amplitude Null Y1 33.. 2)m... ~ .Z
Search Channel Only:

Phase Null Only___ -L 4JO
Ph.ise &h Amplitude Null L2 L I :.Z I6g4, a 11 l1L

Date Name
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TABLE 11-3. 5-4 (CONT'D.)
SYSTEM ERROR TEST DATA

Systrn Description: xA*ll I-
IF Signal-to-Noise Rati.... CL.

PP Rcie G Voltage:-,,•
Discriminator Full Scale Output:L RpRec.ver AGC .__ e:

Discriminator Cannrl:-7, S, 'h-r- D "..

Residual Noise: Full Multiplexc,./ w)"V-j Search Channel Only 6o 0 W ,

Full Scale Level at Summing Point: and 10, Y9Upp

0. f 1.0 M
mv rn . . rn rV
my my mv my my my

Full Multiplex: rms V-D rms j-p rms P-0

Phase Null Only '"j

Phase & Amplitude Null -L ,,,0 (odd
Search Channel Only:

Phase Null Only 0- - "'a /7

Phase & Amplitude Null.t ) .fL- I0O

Discriminator Channel:7% 36 I.' S- 7'DR --2
Residual Noise: Full Multiplex Search Channel Only .

Full Scale Level at Sumnming Poi't:KJ/2 I -ej and

0.3 f 0.5.

MV mV my v ev V '.
F '1l1 M u ltip l x : rm s Q- ... Qm r- r nS _ L p ,

Phase Null Otily - --- /3" 70 6 /17 1700
Phase & Amplitude Null 2 1 00 7 AJ 60

Search Channei Only:

Phase Null Only -3 3 6O 16 163
Phase & Amplitude NullLL. 7.

DdAtfj~ Nam /$n } e%4
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TABLE 11-3. 5-4 (CONTD.)
SYSTEM ERROR TEST DATA

Syste'm Description: 1 _ / , z
IF Signal-to-Noise Ratio:

Discriminator Full Scale Output: .Receiver AGC Voltage

Discriminator Channel:~a.O ± 7 m,' P~
Residual Noise: Full Multiplex .Y"0-1 )Search Channel Only , 5""W.,s

Full Scale Level at Summing Point: SOy~~ ard- /0-r V' 1)
/Oocps va c,, .5'(4o 1
o. 3f 0. 5 f.of

mv mv mv mv my my
Full Multiplex: rms p-p rms o -b rm ,-

Phase Null Only ." ..... /700 134 o

Phase & Amplitude Null .67 ,5100 /36- ,.Ooo
Search Channel Only: .. . -.

Phase Null Only -" -" f 3-o

Phase & Amplitude Null us- It I/#?L I- f " /. -0

Disc riminator Channel: . 0XC t 7 Y"o '"PP ,- .
Residual Noise: Full Muitiplex, j?'jU,.n Search Channel Only jJ

Full Scale Level at Summing P t and . ,

-, (a a - -. 3 f . s f rr . 0 f-n

mv mv myv m niv n m
Full Multiplex: Lmsj o- rml 0-0. f- s -

Phase Null Only -- .. 1 /3 - 200
Phase & AmplituUe Nuu 1 4 300 ,

Search Channel Only:

Phase Null Only -- - -

Phase & Amplitude Null .L.... -

Da 61 Namne A
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TABLE 11-3. 5-4 (CONT|D.)
SYS'IEM ERROR '11SI DAtA

Systurn Description/

IF Signal-to-Noise Ratio:. .3.db.

Discriminator Full Scale Outpt:: R,,cciver AGC Vltae.:ji J

Discriminator Clnnelt:_3. ., ' , 0 - .

Residual Noise. Full Multiplex ,(sojoye043 Search Ch itnel Onty

Full Scale Level at Summing Point: 3,7i),'d _. -and

0. 0.CIS
m - rr -- n

my irv m' m% rn 1, mv
Full Multiplex: rms P-P rms VP- rn-s v-P

Phase Null Only Y-" -" 0 L.o
Phase ft Amplitude Null LX. 5-VC)O 00 /OO 5-

Search' Channel Only:

Phase Null Only 40/ /'av 36 .2oo;
Phase & Amplitude Null 25Y 90610 34

Discriminator Channel: S C±jt. 7SO/O IT =
Residual Noise: Full Multiplex. Search Channel Gnly

Full Scale Level at Summing Point: nd 7_a ____,,,_ d___

61V/3cpS3

fn V m v m v mr .V rn
Full Multiplex: __,__ - r -S J2 - ris o-n

Phase Null Only A2 11040 /V60M_ 0
Phase & Amplitude Null /3_ go 0J' L2, .. 2..,. o

Search Channel Only:

Phase Null Only -- _ 0 &
Phase & Amplitude NL.I Z. 01 1-. 36C ,- -1

Date /Na e
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TABLE 11-3.5-4 (CONVD.)
SYSTEM ERROR TF.SI DATA

System Description: w " /v o . pp:,*

IF Signal-to-Noise Ratio:_ __ __ _ _ __ _ _ _

Discriminator Full Scale Output- /9J.A Receiver AGC Voltage: f
Discriminator Channel: 9_ 0 r- 7, 1-1/a ]?A?-

Residual Noise: Full Multiplex 4 7mI $ y Search Channel Only

Full Scale Level at Summing Point: a /0. nd

0 3f ..- O
m m -

mv my m y my mv

Full Multiplex: , rms, _- , rms ,- rms . -D

Phase Null Only ...... a* 9/0 .200d LIST A/g
Phase & Ampli~ude Null 02 o £i. a2o /. LH¢

Search Channel Only:

Phase Null Only ___"- '- 0 /3W .

Phase & Amplitude Null /&0 L 200 2.3 L L
Discriminator Channel: 7WCP3 WZQ

Residual Noise: Full. Multiplex 2)a ,,,S _Search Channel OnlWy_4 3

Full Scale Level at Summing Pont:a _iLt .... and /4 9uz
Si~lf3 /1et 2 36-cr0.3 f 0.5 1.0

I ,m rn
my mv mv mv mv M V

Full Multiplex: m -0 r m,% o-n rms o-,0

Phase Null Only 660 " jj , 6

Phase & Amplitude Null 3 1__OO 3,P ,5-D 37' o

Search Channel Only:

Phase Null Only o - / [$.

Phase & Amplitude Null Z7 1). /4400 17

, ~Da teJJ 4 Namn
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TABLE 11-3.5-5

SYS1IEM ERROR TESI DATA

Systcrn Descri ption. z Zk a_ 0% z

IF Signal-to-Notse Ratio, "____ ___

Disc riminator Full S al. Output: / ?,P Recciver AGC Vultage:- .. L_

Discriminator Channel: - 7 ' ," --

Residual Noise: Full Multiplex Cha.. L Searth Wtnnel

Full Scale Level at Summing Pon,,,., jp ;"nd 3. 6i ,!

7 c P 3 e-hps 3 24/7S.%ps
m TI)+t

m v mv rn' m V n
Full Multiplex: ros p P rams V -0L .... rin s D-p

Phase Null Only- - /. /90 /." .
Phase & Amplitude Null 3 //A0 /SY 16-

Search Channel Only:

Phase Null Only --- /.k.

Phase & Amplitude Null / .L" 7LI.' ... ii..
Discriminatcr Channel: )L ' k P, -

Residual Noise: Full Multiplex 2, ,oYp$ Search Channel Only )"&*,/r'i,3

Full Scale Level i t Summing Point: a nd "

0.3 f 0. 1 0 tn.
mv my mv mv m V r"\

Full Multiplex: rms D-0 rlm D-n_ rms IQ-1)

Phase Null Only - -F/ .2L 'L

Phase & Amplitude Null /Y 1;0 S' ,aL L . Z L] . )20

Search Channel Only:

Phas,. Null Only __ U.7 /90 Iro 0?7
Phase & Amplitude Null L6 /OO j

Date J28i5 Name 4.~~o
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TABLE HI-3. 5-5 (CONT'D.)
SYSTEM ERROR TEST DATA

Syst,rn Deiscription: Ax&dnieJ A Aaevux

IF Signal-to-Noisv Ratio:3 f d_ __ _........... ..........

Discriminator Full Scale Output: /L I, A Reciver AGC Vultage:.- /4dc_

Dist rirnanator Channt I 2 3K !12 5%0 DQ
Rcsidual Noise: Full Multiplex '9ill Search Channel Only"jq Sjp

Full Scale Level at Summing Point- /Oanp nd .

dj.Oc p 700 C-1 /900cp• I I+ 0.5 1. t
- - m

my my my my my m V
Full Multiplex: rms p-p rns 2-D rns 0 -P

Phase Null Only Of - 141 1 93 0

Phase & Amplitude Null ,/dO lf /DO 2k.
Search Channel Only:

Phase Null Only i2f lo 3 X's
Phase &Amplitude Null 702¢ a , /Z 1 3 d2 171

Dis riniinator Channel:J k-Q4c. 7SA 22
Residual Noise: Full MultiplexZ2, S Search Channel Only .0_od/ri

Full Scale Level at Summing Point:/ 2a and .,.eii

0.3 f 0.5 f P 1 04m ,- - -

my mv mv mv my m%

Full Multiplex: rms p-a rms .- n rrns D-P

Phase Null Only - ___" . L 2.. S2 360

Phase & Amplitude Null /e6 iV, ,- LiQ Z /l

So-arch Channel Only:

Phase Null Only a 26. o 07

Phase & Amplitude Null Li 1 m JL/ ...k .

DateJ 041 Name .L
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TABLE 11-3.5-5 (CONT'D.)
SYSTEM ERROR TEST DATA

Sysittm Description- e wwl ~ v
IF Signal-to-Noise Ratio- _9

Discrininator Full Scale Output: //.) Recciv,.r AGC \')ttage:_-67/ ).c.

Discriminator C1hann:3. AC t7- /
Residual Noise- Full Multiplex S-ar h (htrinc Only

Full Scale Level at Summing Point: -/!nd 1%, _%S

0. "1 0.1 J.0F
my nv mv my mv m%

Full Multiplex: rm s )-p rrns 1-o rins )-D

Phase Null Only "" -- 1AL:) /oI I i
Phas Ie-& Amplitude Null )Q 70 12Q'?* Y..6..~ .

Search Channel Only:

Phase Null Only L' 70V/oo 3 6
Phase & Amplitude Null .,. k0 . !L . '

Discriminator Channel:

Residual Noise: Full Multiplex Search Channel Only_ _

Full Scale Level at Summing Point: and

0.3 f 0.5 f .0t

my my v my mv m "M
Full M ultiplex: .m 5 D-D r s - n r , -

Phase Null Only - -

Phase & Amplitude Null

Search Channel Only:

Phase Null Only-

Phase & Amplitude Null

Date ' /. Name
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TABLE 11-3. 5-6
SYSTEM ERROR TEST DAIA

Sy.%tvr Duscription:. XpJ~4l,. 1,,4/~~.'
1F Signall-to-Noise Ratio,. 3 db
isritninator Full Scal O,,tput: / p0 Rcivu r AGC Voltage: d+Z .

Disc riminator Channz': ]., KC t/+5/ 0  D/? --

R,-sidual Noise: Full MultiplSx St,. r ..5rnh (h, .l Oty7

Full Scale Level at Summing Point:._J10 )pnd_.5'-'L) t

o..+f 0.+, f 1.0
0131m 0.m

iiii
m- rn -v - _. nvmy. my my m,. my m

Full Multiplex: rms - . rms p-D rm a -0

Phase Null Only /2'f5 10 500
Phase & Amplitude Null /7," 0 .20 2o 2O / /0

Search Channel Only:

Phase Null Only V- 0 -0 00

Phase & Amplitude Null /7 /O fL& K ib /3 9
Dis( rin'inator Channel:93Zt7 % )2

Residual Noise: Full Multiplex , l, Search Channel Only$ T.S'.W"

Full Scale Level at Summing Point: /0 U22and 133 ",/r ...

JJI.? 1% 706 / kyocpf0. 3 I0.5 f 1.0

mv mv my my mv 11%
Full Multiplex: rms +-o rmq D-r rrns D r)

Phase Null Only - - 3q / d ,

Phase & Amplitude Null 7 Z620 2L V026 7" 0
Search Channel Only:

Phase Null Only "-- -- i. 300
Phase & Amplitude Null /6. /O 2L. Jk.. L].i.

ate;-1-- Name __ ______
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I
r TABLE 11-3. 5-6 (CONT'D,

S Y k- ,1

SY;. 'M i++.-' i: .f) f

S t~ m' Lh (l riti ) 4akh/~ f:k/ 4  A7- - /w-g # IrL

IF Signal -to- No+is' ___ _ ?_ ____-

D)iscrirrona tor Fut~jl S .41t, 0 alpit: P 4 1 r AW l, \ ,

!i~~~~~~ tif 7,trChn

f~~csslNoise-': Full ~tlil' ,,p1yp cr .'fI 'uH4

Full S(, I.'- Level at Summing~ Point- Z.) D .p

Full Multiplex: rms p- . rms 1- L r, p--- _-- /ot~ ,oo 31; 70,
Phase Null Only - - - - 01.

Phase & Amplitude Null LL3 /0 / 1 's--" J J _

Search Channel Only:

Phai;, Null Only -M-67 3,5~ D 21-

Pha.se & Ampl .itude Null R-0 ?1140 L.3 k
Dist ri'ininator Channel: ~ C~7 S-% 2k ,-

Re.idual Noise: Full Multiplex 5 Search Channel Onk ,

Full Scale Level at Summing Point: t.) and

A/.

mv mv m% mv my
Full Multiplex: 0m-n r-r" s UL,

Phase Null Only ?- /00 3
Phase & Amplitude Null /3 / " / ,

Search Channel C'nly:

Phase Null OnL, ?_ LL.- 3. L
Phase & Amplitude Null 1 . ."0 L...2K. "

-Datea
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TABLE 11-3. 5-7
SYSTEM ERROR TFSt DATA

Systvrn Decription: Cy"o° ", 4 A

IF Signal-to-Notse Ratio- .

Dsc.riminator Full Scale Otput: 0 Pp Rec il-ver AGC Voltage- YOU

Dist riminator Channel: si + 2 Ac 2
Rsidualt Noise: Full Multiplex 31 mlawL.--,.Srarsch Chdnnel Ont._2L

Full Scale Level at Summing Point: a - dnd -3 YAVU

0. S p 1.0 f
- r..

mv mv mv m mv m
Full Multiplex: rms oD rms , rn 2 ,,L

Phase Null Only 10"

Phase & Amplitude Null A7 3i" L1" Z75"0 .. " 2.."
Search Channel Only:

Phase Null Only "- .__".. LU ;23S .1 0
Phase & Amplitude Null __ _320 17__ :31 2

Discriminator Channel: .Ji 6 I) t= kC .- ,Dr,2
R -sidual Noise: Full Multiplex 30 mi 1,,, dS qC hanneLi Only .2

Full Scale Level at Summing Point:JD 0 pp and 3,6j,",....

0.3f 0.5 f 1.0 1
- M

mv mv mv mv my my
Full. Multiplex: r -o rs -n rms D-p

Phase Null Only --- __ 2Q 0& 19 / ZV
Phase & Amplitude Null .00 .to

Search Channel Only:

Phase Null Only 19 70
Phase & Amplitude Null FO 380 . 79 L7O 30 a .

Date 3i19"f*' NameL4!A/MVh
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TABLE 11-3.5-7 (CONTID.)

SYSI EM ER OP TIU, I DA IA

Sylotim De cription: ' / A A
IF Siltnal-to. Noise Ratio- __ . _.........

Discriminator Full S(-al,' Oui.ut /.. Rcco ivr AGC. V,,.i wr-
Dist riminator Channel: _"/r0

Rr.idual Noise: Full N liphexr h ( n.trn, Oil.

Full Scale Level at Summing Point: A0. .d ._P_

-fd..pt AO/(C
T0.' 1.0f

n\ rn r r v. r'

Full Multiplex: rms 2...r ms - .rMs p-p

Phase Null Only ---- _ /-4 740 ,24/3" LOoo
Phase & Amplitude Null ,JYO IL3" )L 700 #8.. woo

Search Channel Only:

Phase Null Only 1- 00 71 / ."

Phase & Amplitude Null 1120 .2,

Discriminator Channel:_ s tC kC 'D R c2
Residual Noise: Full Multiplex 3-;LMjjgju Search Channel Only Imalnl

Full Scale Level at Summing Point: /Zopp and ________ ..__

-TOO~~ Lis ~ 1.01- dk
0.3 f M 0.5fP' 1.01

my mv mv mv mv 711
Full Multiplex: jms -r D- ...rrw. ...D-D

Phase Null Only - -"O 750 ]qL -701
Phase & Amplitude Null AI" 3 1-01 Al- Y6 6 37 '1

Search Channel Only:

Phase Null Only /___0 7001
Phase & Amplitude Null 3 i/0 I6 ;Z' ;2001

Date NamejS. _
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TABLE 11-3. 5-8
SiSTEM ERROR TEST DATA

Sy~t,.M De) vrp,,on C_ i . ' f. I./ioV ,
IF Sinal-o-Noise Ratio. d-,

)%s'crim inator Fkill Scalt, Output7 ILf P? Re-ceiver AGC Voltag-t

Dist rit-inator Channel: A (A5L. S, Akb~k

Re,,didual Noise? Full Mutiplex Sea r h Channel Only Z Pi .

Full Scale L,-,l at Summ,ing Poin t /f0l'r ,,d.

.3001is0 ArAc.
l~o0f

rn Mr
Mvmy v mv n rlV mFull Multiplex: i n'-1m- rm$ m m -j1

Phase Null Only 170 .. 1 300 20 IMP
Phase & Amplitude Null 1ooQ.... Lj..5 Zj0 .

Search Channel Only:

Phase Null Only --- "- j ° .5- 2' O .. O
Phase & Amplit c Null Al. o ;/2 _________.

Discrririnator Channel:Z 1R . k I C -)JfC iez a
Residual Noise: Full Multiplex 4j pfg,,. Search Channel Only1 L

Full Scale Level at Summing Point". j IP and 3 ,.qs

0.3 f 0.5 f 1.0 f

ray mv rnv mv mv ni
Full. Multiplex: Tmj r -a q-n rjs D-D

Phase Null Only -- - /00 2Q U
Phase & Amplitude Null j !...... 2i., 3'"O ej 2O

Search Channel Only:

Phase Null Only - ( /40 00 iia 1.
Phase & Amplitude Null 79. 0 ./.QA....... LLL O
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TABLE 11-3. 5-8 (CONT'D.)
SYSTEM kROP IS TI IZA I A

IF Signal-to-Noise Ratio: 39J"
Discriminator Full Scale Outptit.. Rfl,-v,.r A(;( 'V.,tt .e -SA. ,.dc,
Di,%t r~ma to r C hannel:

R, sidual Noise: Full M,,ltipfx .s . r k h ( hit ,,I On I

Full Scale Level at Summing PointL g 1411___ f j &-.

30)1 .j.webpI /.ec
O. i f ( f

Full Multiplex- rins p-v r ms l L D riv s. D-U

Phase Null Only - %'--' I/0 0Q0 24,1 L2L

Ph.se & Amplitude Null s/j 1,.0 /j0 700 YM. 21
Search Channel Only:

Phase Null Only ........... Z90 17001,270..
Phase & Amplitude Null L 4"iPI.2...",.Z± ,

Discriminator Channel: 1? CBAJ J)IOrCtk.
Residual Noise: Full Multiplex Atjirssj Search Channel Onyj j $

Full Scale Lfrvel at Summing Point: 10 fp i and .6y-.u

3oocp% ..' ISOt'%
0.3 f . 1 t

rnv mv n.v mv rl 1 , ,
Full Multiplex: rms D-D r-s D-D r n I D)

Phase Null Only "--r- o ?o0 2QI 770

Phase & Amplitude Null /40. 700 U q? Q . 0 .XQ . Y j300
Search Channel Only:

Phase+ Null Only - - L . 7'L00 .? " 0
Phase & Amplitude Null , p to ,/P4 70aT I/ai

Date f Name MDJ-
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TABLE 11-3. 5-8 (CONT'D.)
SYSTEM ERROR TFSI DATA

lystvr Dcscription- C 0. 1b1 n Qt, na. I 'inkp',eL t JA*.Jd rx/~
F Signal-to-Noise Ratio,_ 3 9 d...
),,i-imin tor Full S ale Oitp,,t!_P Re cviver AC ....

,~ P8, 3OrctY.

Rr.idual Noise: Full Multiplex /j 5 ,j Sea rc h (h'nnel Only

Ykull S~ale Level at Sumnming Point 2QJL2P ;1d 3, W I A

0. 3f 1.0O f
Tn Tfl

rlIv mv mv mV mv v

Full Multiplex: r m s m V. rms .... Iv-Dv

Phase Null Only -_7. " Ir0 Z6 Y6-0

Phase & Amplitude Null . & 17.. . XQ.. TO... 1"
Search Channel Only:

Phase Null Only .. .- . .... j0 7, R0
Phase & Amplitude Null LL. k .... fo etL L. .L .

)is( ruminator Channel:

Residual Noise: Full Multiplex Search Channel Only

Full Scale Level at Summing Point: and

0.3 f 0.5 f 1.0 f

mv mv my mv m m
Full Multiplex: rzm -o rm.4 Q-Q rMS D-D

Phase Null Only ,-

Phase & Amplitude Null

Search Channel Only:

Phase Null Only

Phase & Amplitude Null

Date J Ij Name DA.
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3.6 TAPE-RECORDERERRORS

3.6. 1 General

The tape-recorder error test was made to determine the effect ca' pof-d,tection
recording on the gystem performance. The test was accomplish.1 uft the sys-
tern block diagrams shown in Figure 11-3. 0-1 for the proportiona! basebands,
and :Figures 1-3. 0-2 and LI-3. 0-3 for the constant- and combina.ional-bandwidth
basebands. In all cases the mixer amplifier de-emphasizes the receiver output
and adds the reference tone to the total multiplex. The de-empr.sis network
was a simple RC network in the input of!the mixer amplifier driven by the re-
ceiver output. In all cases the level of hl reference oscillator signal is twice
the level of the highest frequency chann.,' in the multiplex.

To determine the effect of the addition of the tape recorder, the -ystem was
first operated with the tape recorder bypassed, i.e., the mixer output feeding
directly into the remainder of the ground system. The discrirninator c'tput
noise is meas'zred and then the tape recorder was included in the system and
the test repeated. Measurements were made with and without tape-speed com-
pensation for the test channel unmodulated at center frequency and at bandedge.

In addition to the test for increare in channel output noise due to the inclusion
of the tape recorder, the intermodulation test (Section 3. 3) was repeated on the
constant- and combinational-bandwidth multiplexes with the tape recorder in-
cluded in the system.

3.6.2 Detailed Procedure for Tape-Recorder Error Test

a. Calibrate all VCOs.

b. Deviate all channels, with the exception of the test channel, full band-
width at the naximum modulation frequency - the particular deviation ratio.

c. Allow the receiver AGC to assun. normal operating condition.

d. The IF carrier-to-noise ratio should be greater than 20 db.

e. Set subcarrier discriminator outpu. for 10 volts, peak-to-peak.

f. Adjust the referert.e oscillator output for a level equal to twice the
level of the highest channel in the multiplex.

g. Adjust the tape-recorder input and output for normal record level.

h. Measure the rms discriminator output noise at center frequency and
low bandedge with and without the tape recorder bypassed and also with and with-
out tape-speed compensation.
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3.6.3 Results of Tape Recorder Etror Test

Measured dta and experimental conditions described in illustrations nuznbered
with LI are included :n this vo!ume. Summarized data and conclusions are pre-
sented in Volume I in illustrations numbered with I.

3.6. 3. 1 IRIG Baseband

The IRIG baseband channels I threugh 18 were evaluated for tape-recorder er-
ror. The detailed conditions were:

Test channels: 70.0 kc *7. 5%; 3.0 kc *7. 5%

Deviation ratio: 5

De-emphasis corner frequency: 4 kc

Discriminator full -bandwidth output: 10 volts peak-to-peak

Tape Y .corder: Mincom G107

Tape speed:- 60 ips

Recotd level: I.Ov rms

IF S/N ratio: 39 db

Table 1-3. 6-1 shows the measured data for the IRIG baseband evaluation. A
summary of the data is shown in Table 1-3. 7-1.

3. 6. 3. 2 IRIG Baseband--Wideband Channel

The HRIG baseband containing a wideband channel in the highest frequency posi-
tion was evaluated for tape-recorder error. The detailed conditions were:

Test channels: 70 kc *7. 5%; 3 kc *7.5%

Deviation ratio: 5

De-emphasis corner frequency: 4 kc

Discriminator full-bandwidth output: '0 volts peak-to-peak

Tape recorder: Mincom G107

Tape speed: 60 ips
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Record level: l. Ov rmi

IF S/N ratio: 39 db

Table 11-3. 6-2 shows the measured data for the wideband IRIG baseband evalua-
tion. A summary of the data is shown in Table 1-3.7-1.

3. 6. 3. 3 IRIG Biseband--Deviation Ratio of I and 2

The IRIG baseband, channels I through 18 operating at deviation ratios I and 2,
was evaluated for tape-recorder error. The detailed conditions were:

Test channels: 70. 0 kc *7. 5%; 22. 0 kc *7. 5%; 7. 35 kc *7. 5%;
3. 0 kc *7. 5%; 960 cps *7. 5%

Deviation ratio: I and 2

De-emphasis corner frequency: 4 kc

Discriminator full-bandwidth output: 10 volts, peak-to-peak

Tape recorder: Mincom G107

Tape speed: 60 ips

Record level: 1.Ov, rms

IF S/N ratio: 39 db

Table 1-3.6-1 shows the measured data for the 70 kc, 22 kc, 7.35 kc, 3 kc,
and 960 cycle, respectively, for a deviation ratio of 1 and 2. The data is sum-
marized in Table 1-3. 7-1.

3. 6. 3. 4 Expanded Baseband

The expanded baseband, channels 1 t' rough 21, was evaluated for tape-recorder
errors. The detailed conditions were:

Test channels: 165 kc *7. 5%; !24 kc *7. 5%; 93 kc *7. 5%;
70 kc *7. 5%; 3 kc *7. 5%

Deviation ratio: 5

De-emphasis corner frequency: 25 kc

Tape recorder: Mincom G107

Discriminator output FB : 10 volts, peak-to-peak
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Tape speed: 60 ips

Record level: 1.Ov, rms

IF S/N ratio: 39 db

Table 11-3.6-3 shows the tape-speed errors for the expanded-baseband channels
operating at a deviation ratio of 5. The data is summarized in Table 1-3.7-4.

3. 6. 3. 5 Expanded Baseband--Wideband Channel.

The expanded baseband was operated with a wideband channel in the highest fre-
quency position. The tape-recorder erro2., were evaluate I for channels 1 through
19 plus channel H. The detailed conditions were*

Test channels: 165 kc *15%; 93 kc *7.5%; 70 kc *7. 5%;
3 kc *7. 5%

Deviation ratio: 5

De-emphasis corner frequency: Z5 kc

Discriminator full-bandwidth output: 10 volts, peak-to-peak

Tape recorder: Mincom G107

Tape speed: 60 ips

Record level: 1.Ov, rms

IF S/N ratio: 39 db

Table 11-3. 6-4 shows the performance of the expanded baseband including the
wideband channel. The data is summarized in Table 1-3.7-2.

3. 6. 3. 6 Constant-Bandwidth Baseband

The constant-bandwidth multiplex, channels 1 through 21, was evaluated for
tape-recorder errors under the following conditions:

Test channels: 56 kc *2 kc; 80 kc *2 kc; 120 kc *2 kc;
160 kc *2- kc

Deviation ratio: 2 I
De-emphasis corner frequency: 40 kc
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Discriminator full-bandwidth output: 20 volts, peak-to-peak

Tape recorder: Ampex modified FR 1400

Tape speed: 120 ips

Record level 0. 5v, rms

IF S/N ratio: 39 db

The data is contained in Table 11-3. 6-5 and summarized in Table 1-3. 7-5.

3. 6. 3. 7 Combinational-Bandwidth Baseband

The combinational-bandwidth mrultiplex, IRIG channels I through 11 and con-
stant-bandwidth channels I through 21, was evaluated for tape-recorder er-
rors under the following conditions:

Test channels: 3.0 kc *7. 5%; 56 kc *2 kc; 88 kc *2 kc;

120 kc *2 kc; 160 kc *2 kc

Deviation ratio: 5 for IR.IG channels; 2 for CBW channels

Discriminator full-bandwidth output: 20 volts, peak-to-peak

De-emphasis corner frequency: 40 kc

Tape recorder: Ampex modified FR 1400

Tape speed: 120 ips

Record level: 0 5v rms

IF S/N ratio: 39 db

The data is contained in Table 11-3. 6-6 and summarized in Table 1-3. 7-6.

3.6.4 Tape-Recorder Intermodulation Test

The intermodulation test, described in Section 3. 3, was repeated with the tape

recorder in the system. All conditions for the test are identical to those given
above in Section 3. 6. 3. The data photographs are shown in Figures U-3. 6-7
through 11-3. 6-10 and summarized in Table 1-3. 7-6.
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Channel 6. 56. 0 kc *2 kc
RMS Level, a 134 my max.
DRa 2

Channel 10, 88. 0 kc *Z kc
RMS Level =90 mv max.
DR Z

Channel 14. 120. 0 kc *Z kc
P.MS Level =98 my max.
DR Z

Channel 19. 160.O0kc*Z kc
RMS Level =106 my max.
DR Z

LBE CF HBE

Horizontal: 5 sec/cm Vertical: Z. 5% FEW/cm

FIGURE U-3. 6-7
TAPE RECORDER INTERMODULATION TEST DATA:

CONSTANT BANDWIDTH MULTIPLEX
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IRIG Channel 8. 3. 0 kc *7. 5%
DR z5
RMS Level = 13. 5 mv max.
Vertical: 0. 501 FEW/cm

CBW Channel 6, 56. 0 kc *2 kc
DR =
RMS Level:= 205 mv max.

A ~Vertical: 2. 5%o FBW/cm

CBW Channel 10, 88. 0 kc *2 kc
DR = 2
RMS Level = 112 mv max.
Vertical: 2. 5% FEW/cm

LEE CF HBE

Horiz'ontal: 5 sec/Cm

FIGURE 11-3. 6-8
TAPE RECORDER INTERMODULATION TEST DATA:

COMBINATIONAL BANDWIDTH MULTIPLEX,' IRIG CHANNEL 8,
CBW CHANNELS 6 AND 10
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CBW Channel 14, 1Z0. 0 kc *2 kc
DR = 2
RMS Level = 118S my max.

Ado" Vertical: 2. 5% FBW/cm

CBW Channel 19, 160. 0 kc *Z kc
DR= 2
RMS Level = 136 mv max,
Vertical: 2. 5%f FBW/crn

LBE CF HBE

Horizontal: 5 sec/cm

FIGURE U-3. 6-9
TAPE RECORDER INTEMODULATION TEST DATA:

COMBINATIONAL BANDWIDTH MULTIPLEX, CBW CHANNELS 14 AND 19
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With Tape Recorder
RMS Level =71. my max.'

Without Tape Recorder
RMS Level =48 my max,

LBE CF HBE

Horizontal: 5 sec/cin Vertical: 2. 5% oFBW/cm

Search Channel: CBW Channel 6, 56. 0 kc *2 kc, DR,= 2

FIGURE 11-3. 6-10
TAPE RECORDER INTERMODULATION TEST DATA:

COMBINATIONAL BANDWIDTH MULTIPLEX,
NO RF LINK, CBW CHAN'NEL 6
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3.7 PULSE MODULATIN

3.7. 1 PAM/FM/FM System Test

3.7. 1. 1 General

The PAM/FM/FM test was made to determine the system accuracy for pulse-
amplitude modulation (PAM). Since the system used in this evaluation program
incliudes all equipment from the VCO input to the subcarrier discriminator out-
put, errors due to sampling and data interpolation are not considered. The PAM
error of interest is interchannel (pulse-to-pulse) crosstalk caused by various
filters in the system and appearing as limited output rise and fall tines. For
example, if one pulse is at zero scale and the next at full scale, the output can-
not rise to its new value instantaneously. A sampling detector was assumed in
the decommutator; therefore, if the output reaches its full value (steady-state
condition) within the pulse duration time no error is assumed, e.g., if the pulse
can be sampled at its full height, no crosstalk error occurs. Thus, the cross-
talk error test is reduced to determining at what degreL. the pulse reaches its
full steady-state value. Since the worst-case crosstalk occurs when the output
must traverse the greatest distance, the test PAM wave train consisted of a zero-
scale pulse followed by three fuil-scale pulses and then another zero-scale pulse.
The discriminator output was cbserved using a Tektronix type Z plug-in which al-
lows the exact full-scale voltage to be subtracted from the pulse train and the re-
sulting error examined. Data was recorded by photographing the oscilloscope dis-
play. The sampling time was periodic and positioned so that a minimum error
would occur.

For c ach proportional-bandwidth baseband, the wideband channel was modulated
with PAM at 900 sps for the IRIG baseband and 2100 sps for the expanded base-
band. The subcarrier discriminator 18 db/octave LPOF was operated at its
normal cutoff frequency for a deviation ratio of 5. This condition is approxi-
mately correct for sampling type decommutators. Figure 11-3.7-1 shows the
block diagram of the test setup.

3. 7. 1. 2 Detailed Procedure

a. Calibrate all VCOs.

b. Deviate all channels with the exception of the test channel, full band-
width at the maximum modulating frequency for a deviation ratio of 5.

c. Allow the receiver AGC to assume its normal operating condition.

d. The IF carrier-to-noise ratio should be greater than 20 db.

e. Deviate the test channel full bandwidth at the appropriate pulse rate
with the output of the PAM/PDM simulator.

-292-



f. Set subcarrier discriminator output for 20v, peak-to-peak

g. With a Tektronix type Z plug-in, determine the error from full scale
at duty cycles of 40, 50, and 70%. (The PAM simulator does not have a 65%
duty cycle position; therefore, 70% is used instead.)

3.7.1.3 Results

3.7. 1.3.1 IRIG Baseband

The IRIG baseband channels I through 16 plus channel E were evaluated with
PAM on channel E. The detailed conditions were:

Sample rate: 900 samples per second

Test channel: 70 kc *15%

LPO2: 2100 cps constant delay, 18 db/octave type

Discriminator FBW output: ZOv, peak-to-peak

IF S/N ratio: 39 db

Figure U-3. 7-2p. shows a photograph of the system input and output with no ver-
tical scale expansion. Figure 11-3. 7-2b shows the discriminator output using the
Tektronix type Z plug-in. The top trace is the ! system input and the bottom trace
is the system output. The two middle traces are the system output minus full-
scale voltage. The straight line thus represents zero error for full-scale modu-
lation. The expanded PAM pulses are shown just below the zero reference line.
Thus, using a sampling detector, an instantaneous sample could be taken any-
where within 50 sec and produce an error less than 0. 5% of FBW. The data
in Figure 11-3. 7-3 shows the performance for 40% and 70% duty-cycle PAM.

3. 7. 1. 3. 2 Expanded Baseband

The expanded baseband, channels I through 19 plus channel H, was evaluated
with PAM on channel H. The detailed conditions are:

Sample rate: 2100 sps

Test channel: 165 kc *15%

LPOF: 4950 cps constant-delay 18 db/octave type
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Discriminator FBW output: 20v, peak-to-peak

IF S/N ratio: 39 db

Figure 11-3. 7-4a shows a photograph of the system input and output with no
vertical scale expanslon. Figure U-3. 7-4b shows the discriminator output
using the Tektronix type Z plug-in. The photographs present similar data
debcribed in Section 3. 7. 1. 3. 1 for the IRIG baseband. Figure 11-3. 7-5 ahows
the performance for 40% and 70%16 duty-cycle PAN.

3. 7.2 PDM/FM/FM System Test

3. 7. 2. 1 General

The PDM/FM/FM test was made to determine 'he system accuracy for pulse
duration modulation (PDM). For each proportional-bandwidth baseband,

the wideband channel was modulated with PDM at 900 sps rate for the I G
baseband and 2100 sps for the expanded baseband. The zero- and full-scale
pulse lengths are standard at 100 and 700 microseconds, respectively, for the
expanded baseband. The discriminator low-pass output filter used was a con-
stant delay, 18 db/octave type with the cutoff frequency equal to five times the
repetition rate. The cutoff frequency was selected to be as narrow as possible
without affecting the zero-scale pulse duration.

In all cases, photographs were taken of the oscilloscope display to show the
variation in pulse duration. In addition to the pulse duration measurements,
the adjacent channel in each baseband was checked for an increase in inter-
modulation (crosstalk) noise due to the PDM. The block diagram for the test
is identical to the PAM test setup shown in Figure 11-3. 7-1.

3. 7. 2. 2 Detailed Procedure

a. Calibrate all VCOs.

b. Deviate all channels with the exception of the test channel full band-
width at the maximum modulating frequency for a deviation ratio of 5.

c. Set the receiver AGC to its normal operating condition.

d. The IF signal-to-noise ratio should be greater than 20 db.

e. Deviate the test channel full bandwidth at the appropriate pulse rate
with the output of the PAM/PDM simulator.

f. Set subcarrier discriminator full-scale output for 20v peak-to-peak.
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I
g. Observe and photograph the dual-trace oscilloscope display of therPDM input and discriminator output waveform.

h. Repeat the intermodulation test (described in Section 3. 3) on the ad.
jacent channel for both 7. 5% and 15% PDM deviation of the test channel.

3.7.2.3 Results

3. 7.2. 3. 1 IRIG Basebandr The IRIG baseband, channels I through 16 plus channel E was evaluated with
PDM on channel E. The detailed conditions were:

Repetition rate: 900 pulses per second

Tert channel: 70 kc *15%

LPOF: 4500 cps, constant-delay, 18 db/octave

Discriminator FBW output: 20v peak-to-peak

IF S/N ratio: 39 db

Zero-scale pulse: 100 microseconds

Full-scale pulse: 700 microseconds

Figure 11-3. 7-6 shows a photograph of the system input and output for 0, 25,

50, 75, and 100% full scale (FS) PDM. The time delay through the system is
contained in this photograph. Figure U1-3. 7-7 shows the system input and out-
put for a 0 and 100% FS PDM modulation with double exposure used to remove
the relative system delay and simplify comparison of pulse duration.

The effect of PDM of the 70 kc *15% channel on the intermodulation level in the
40 kc *7. 5% channel is shown in Figure U-3. 7-8. The worst-case intermodula.
tion was found to occur with all channels of tne PDM input at 100% FS; there-
fore, intermo('ulation was measured with this PDM. Figure U-3. 7-8a shows
the intermodulation effect for full *15% PDM deviation of the 70 kc *15% chan-
nel while Figure U-3. 7-8b showo the same effect for *7. 5% deviation. No dif-
ferences in pulse duration were found between *7.5% or *15% deviatiun.

3. 7. 2. 3. 2 Expanded Baseband

The expanded baseband, channels I thrcugh 19 plus channel H was evaluated
with PDM on channel H. The detailed conditions were:
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Repetition rate: 2100 pulses per second

Test channel: 165 kc *15%

LPOF: 10500 cps, constant-delay, 18 db/octave

Discriminator FBW output: 20v peak-to-peak

IF S/N ratio: 39 db

Zero-scale pulse: 50 microseconds

Full-scale pulse: 300 microseconds

Figure 11-3. 7-9 shows a photograph of the system input and output with 0, 25,
50, 75, and 100% FS PDM. For ease of comparison, the system time delay
has been removed through use of a double exposure. Figure U1-3. 9-10 shows
the system input and output for 0 and 100% FS PDM with the system delay re-
moved.

The effect of PDM of the 165 kc *15% channel on the intermodulation level in
the 93 *7. 5% channel is shown in Figure 11-3. 7-11. The woret-case intermodu-
lation was found to occur with all channels of the PDM input at 0% FS; there-
fore, the intermcdulation was measured with this modulation. Figure 11-3. 7-11a
shows the intermodulation effect for full *15% PDM deviation and Figure
U-3. 7-1lb shows the intermodulation for +7.5% deviation. No differences in
pulse duration were found between *7. 5% and *15% deviation.

3. 7. 3 PCM/FM/FM Systems Test

3. 7. 3. 1 General

The PCM/FM/FM test was made to determine the bit-error probability for
pulse-code modulation as a function of carrier-to-noise ratio. For the propor-
tional-bandwidth basebands, the wideband channel is modulated with PCM at
Z1, 000 bits per second for the IRIG baseband and 49, 500 bits per second for the
expanded baseband. In each case, the bit rate is equal to the bandwidth of the
channel and the channel was deviated at 70% of full bandwid (Zhis modula-
tion condition has been shown to be optimum for PCM/FM. "

(I)Experimental Determination of Signal-to-Noise Relationships in PCM/FM

and PCM/PM Transmission, Interim Report for NASA, GSFC, Contract NAS
5-505, Electro-Mechanical Research, Inc., Sarasota, Florida, October 20, 1961.

2)Telemetry System Study, Final Report, Volume 1I of III, Experimental Eval-

uation Program, U.S. Army Signal Research and Development Laboratories,
Contract No. DA-36-039SC-73182, Aeronutric, Newport Beach, California,
December 18, 1959 296



An EMR Model 219 PCM Signal Conditioner is used to reconstruct the PCM
output of the wideband subcarrier discriminator. The discriminator low-pass
outiut filter (LPOF) was bypassed and the PCM output signal fed directly into
the signal conditioner. (Normally the LPOF should be operated several times
the bit rate; however, one was not immediately available.) The signal condi-
tioner is operated in the filter sample mode, i.e., a constant-delay input
filter followed by an instantaneous sampling detector is used. The reconstructed
PCM wave form from the signal conditioner and the input PCM wave train are
then compared in the bit-error detector. The bit errors are accumulated in an
electronic counter for a fixed interval of time, thus enabling the bit-error prob-
ability to be calculated. The block diagram for the PCM system test is shown
in Figure 11-3.7-12.

3.7.3.2 Detailed Procedure

a. Calibrate all VCOs.

b. Deviate all channels with the exception Of the test channel full band-
width at fm where fm is the maximum modulation frequency for deviation ratio
of 5.

c. Hold the receiver AGC voltage at -4 volts dc.

d. Set the subcarrier discriminator output for 20 volts, peak-to-peak.

e. Deviate the test channel 70% full bandwidth at the appropriate PCM
rate with the output of the PCM random bit generator.

f. Set the IF carrier-to-noise ratio to greater than 20 db.

g. Operate the EMR Model 219 Signal Conditioner at the appropriate
rate and in the filter-sample mode.

h. Adjust the delay in the bit-error detector to align the input PCM
waveform and the reconstructed waveform. Under this condition, there should
be no errors occuring at the output of the bit-error detector.

i. Invert the output of the PCM signal conditioner and count the errors
that occur at the output of the bit-error detector. The number of errors should
equal the bit rate. Set the signal conditioner to normal output.

j. Select appropriate carrier-to-noise ratios and determine the error
count at each carrier-to-noise ratio.

k. The bit-error probability can be calculated from the number of er-
rors that occur in the total interval measured divided by the total number of bits
occuring in that same interval.
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I. Repeat the intermodulation test described in Section 3. 3, on the
adjacent lower channel.

3.7.3.3 Results

3. 7. 3. 3. 1 IRIG Baseband

The IRIG baseband, channels I through 16 plus channel E was evaluated with
PCM on channel E. The detailed conditions were: I

Repetition rate: 21, 000 bits per second

Test channel: 70 kc *15%

LPOF: None (bypassed)

Discriminator full-bandwidth output: 20 volts, peak-to-peak

Table 11-3. 7-13 shows the bit-error rates measured with the various carrier-
to-noise ratios. The effect of the random bit PCM modulation of the 70 kc *15%
channel on the intermodulation (crosstalk) level in the 40 kc *7.5% channel is
shown in Figure 11-3. 7-14a. The effect of intermodulation for an alternate
ONE/ZERO bit pattern is shown in Figure 11-3. 7-15a.

3.7. 3. 3. 2 Expanded Baseband

The expanded basebanct channels 1 through 19 plus channed Hwas evaluated
with PCM modulation on Channel H. The detailed conditions were:

Bit rate: 49, 500 bits per second

Test channel: 165 kc *15%

LPOF: None (bypassed)

Discriminator full-bandwidth output: 20 volts, peak-to-peak

Table U-3. 7-13 shows the bit-error rate for PCM operation of the expanded
baseband. The effect of the random-bit PCM modulation of the 165 kc *15%
channel on the intermcdulation level in the 93 kc *7.3% channel is shown in
Figure 1-3. 7-14b. The intermodulation for an alternate ONE/ZERO bit pat-
tern is shown in Figure 11-3. 7-15b.
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Discriminator Output
Vertical Scale:
5V/crn
(25% FBW/cm)

PAM Input
Vertical Scale:
I V/cM
(20% FBW/cm)

Drizontal Scale:
I ms/cm

PAM INPUT AND OUTPUT -NO SC-.ALE EXPANSION

PAM Input
Vertical Scale:
1 OV/cm

Full Scale Level
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

Discriminator Output
Vertical Scale.,
0. 05V/cm.
(0. 25%1 FBW/cm)

Discriminator Output
Vertical Scale:

25 V/cm.

rizontal Scale:

I ms/cm
EXPANDED SCALE PAM OUTPUT -5016 DUTY CYCLE

FIGURE 11-3. 7-Z
50% PAM ON 70 kc +15% CHANNEL
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1. PAM Input
Vertical Scale:
1OV/cm

2. Full Scale Level
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

3. Discriminator Output
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

4. Discriminator Output
Vertical Scale:
Z5V/c m

Horizontal Scale:
0. 1 ms/cm a. 40% PAM

I. PAM Input
Vertical Scale:
.1OV/cm

2. Full Scale Level
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

3. Discriminator Output
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

4. Discriminator Output
Vertical Scale:
25V/cm

Horizontal Scale: b. 70% PAM
0. 1 ms/cm

FIGURE 11-3. 7-3
40% AND 70% PAM ON 70 kc *15% CHANNEL
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I. Discriminator Output
Vertical Scale:
5V/cm
(25% FBW/cm)

2. PAM Input
Vertical Scale:
I V/crm

(20% FBW/cm)

Horizontal Scale:
D. 2 ms/cm

. PAM INPUT AND OUTPUT - NO SCALE EXPANSON

PAM Input
Vertical Scale:
l0V/cm

Full Scale Level
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

Discriminator Output
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

* Discriminator Output
Vertical Scale:
25V/cm

forizontal Scale:
. 2 ms/cm

EXPANDED SCALE PAM OUTPUT 50% DUTY CYCLE

FIGURE 11-3.7-4
50% PAM ON 165 kc *15%1o CHANNEL
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1. PAM Input
Vertical Scale:
10V/cm

2. Full Scale Level
Vertical Scale:
0. 05V/cm
(0..25% FBWhcm)

3. Discriminator Output
Vertical Scale:
0. r5V/cm
:(0. 25% FBW/cm)

4. Discriminator Output
Vertical Scale:
25V/cm

Horizontal Scale:
0.2 ms/cm a. 40% PAM

1. PAM Input
Vertical Scale:
lOV/cm

2. Full Scale'Level
Vertical Scale:
0. 05V/cm
(0. 25% FBW/cm)

3. 'Discriminator Output
Vertical Scale:
O. 05V/cm
(0. 25% FBW/cm)

4. Discriminator Output
Vertical Scale:
25V/cm

Horizontal Scale: b. 70% PAM
0. 2 ms/cm

FIGURE 11-3. 7-5
40% AND 70% PAM ON 165 kc *15% CHANNEL
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0O1 25% 50%7 75%6 10076
PDM Input I'tlse Duration In Percent Full Scale

Trace 1. Discriminator Output
Vertical Scale: 5v/cm (25%6 FBW/cm)

Trace 2. PAM1, Input
Vertical Scale: lv/cm (200% FBW/crn)

Horizontal Scale: 100 microseconds/cm

FIGURE 11-3. 7-6
PDM ON 70 kc *1501 CHANNEL
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1 1. Discriminator Output
U Vertical Scale:

5v/cm

r 2. PAM Input__
Vertical Scale:5 l~~Vlcm _________

Horizontal Scale:5 ZO microseconds

ra. 0%1f FS PDM Input and Output

1. Discriminator Output
Vertical Scale:
5v/cm

2.. PAM Input
Vertical Scale:
lV/cm

Hori'Zontal Scale:
100 microseconds/cm

b. 100%o FS PDM Input and Output

FIGURE 11-3. 7-7
0% AND 100%/y PDM ON 70 kc ±150%f CHANNEL
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a.. *I5% PDM Deviation
Vertical: 0. 5% FEW/cm
RMS Level.- 27 my max.

b. *7. 5%1 PDM Deviation
Vertical: 0. 5%/ FEW/cm
RMS Level: 24 my max,

LBE CF HBE

100%/' FS PDM Modulation on the 70 kc *15%o Channel
Search Channel: 40 kc ±7. 501b

FIGURE-3. 7-8
EF'FECT OF PDM MODULATION ON ADJACENT

CHANNEL INTERMODULATION - IRIG BASEBAND
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ONIKn

0r 5 0. 5,10j
ID nu us uain nPretFl cl

TrcI.DsrmntrOtu
VetclSae x/c 2I B /m

P Vnptia Sculse: uratio In2Prcen Full cale

Horizontal Scale: 50 microseconds/cm.

FIGURE 11-3. 7-9
PDMl ON 165 kc *15."- CHANNEL



1. Discriminator Output
Vertical Scale:

5V/cm

2. PAM Input
Vertical Scale:
I V/cm

Horizontal Scale:
10 microseconds/cm

a. 0% FS PDM Input and Output

1. Discriminator Output
Vertical Scale:
5V/cm

2. PAM Input
Vertical Scale:
IV/cm

Horizontal Scale:
50 microseconds/cm

b. 100% FS PDM Input and Output

FIGURE 11-3. 7-10

0% AND 100% PDM ON 165 kc *15% CHANNEL
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r a. *15% PDM Deviation
Vertical: 0. 5%1 FEW/cmI RMS Level: 49 my max.

b. *7. 5%6 PDM DeviationII Vertical: 0. 5% FBW/cm'
RMS Level: 21 mv max.

FLEE CF HBE

100% FS PDM Modulation on the 165 kc *15%1 Channel
Search Channel: 93 kc *7. 5%1

FIGURE 11-3.7-1l
EFFECT OF PDM MODULATION ON ADJACENT CHANNEL

INTERMODULATION - EXPANDED PROPORTIONAL BANDWIDTH BASEBAND
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TABLE 11-3.7-13
PCM BIT ERROR DATE

I IG Baseband Expanded Baseband

AG-C Level: --_'. _ ,,,- . _,

Mult. Level: A 0 V S 6O .gros"

Bit, Rate: 07Kow 0 h 124- -
Channel1: AMkCt ZN 5?.-00
Deviation: 0. 7#V8 W 0 7,cZg)

(SI-)Bit Error
(S/N)c B it Errors Time Interval Probability
(db) (Sec.)

IRIG Baseband

8I 6o ._.______" 
_

7 /_9. .7 2 _______. ________

4'_1/ , _______,__ , /o 2

57 /0/) /a' ~

No S;.ql P22J 3/Z A/K 1PI/
_Expanded Baseband

/8 _______ /50 ,S/

/70
60 X. /a_,,

/,,, . 1 . 60 5 _0,, /

3q/ 0 A. F2_xlo

~7'76"9. #12 XA,E*

Namme± Date __,____
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a. IRIG Baseband
Search Channel: 40 kc *7. 5%1
PCM Channel: 70 kc *15%
Vertical: 0. 5%e FBW/cm
RMS Level: 25 my max.

b. Expanded Baseband
Search Channel: 93 kc *7. 5%1
PCM Channel: 165 kc *15%/
Vertical: 0. 5%/ FEW/cm
RMS Level: 60 my max.

LBE CF HBE

All other chazrnels in baseband -modulated
FBW at 0. 1 fm where fm is the maximum

rate for a deviation ratio of 5.

FIGURE 11-3. 7-14
EFFECT OF PCM MODULATION ON

ADJACENT CHANNEL INTERMODULATION
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a. IRIG lBaseband
Search Channel: 40 kc *7. 5%1
PCM Channel: 70 ke *15%
Vertical: 0. 501 FEW/cm
RMS Level: 15 my max.

b. Expanded Baseband
Search Channel: 93 kc *7. 516
PCM Channel: 165 kc *15%
Vertical: 0. 5%/ FEW/cm
RMS Level: 54 my max.

LEE CF HBE

All other channels in baseband are
turned off.

FIGURE 11-3. 7-15
EFFECT OF PCM MODULATION ON ADJACENT

CHANNEL INTERMODULATION - TWO CHANNEL MULTIPLEX
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